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COMMUNICATIONS 


OCULAR CHANGES IN ACUTE SYSTEMIC 
LUPUS ERYTHEMATOSUS* 


BY 
F. CLIFTON anp C. H. GREER 


From the Bristol Eye Hospital, and the Department of Pathology, Institute of Ophthalmology, 
University of London 


ALTHOUGH ocular lesions are known to occur in acute systemic lupus erythe- 
matosus, the only report in Great Britain of the histological examination 
of the eyes in this disease appears to be that of Semon and Wolff (1933), who 
found only mild choroiditis and subretinal exudation. The purpose of this 
paper is to record the clinical, ophthalmoscopic, and pathological findings in 
two cases which terminated fatally. 


Case Reports 
Case 1, a married woman, aged 24, a diabetic of 8 years’ standing, attended the Dermato- 


logical Department of the Bristol General Hospital in June, 1949, complaining of an 
irritating red rash of 2 months’ duration on her forehead, face, and ears. 


Examination.—A scaling erythematous rash was present on the forehead extending 
down to the bridge of the nose and on to both cheeks and both ears. Her temperature 
was 99-2°F. General physical examination revealed only a systolic murmur heard in the : 
mitral aréa. She was admitted under the care of Dr. C. D. Evans. 


Laboratory Investigations.— 


Wassermann and Kahn reactions negative. 
Blood count, white cells 2,200 per cu. mm., differential count—normal. 


Blood sugar, 345 mg. per cent. (with glycosuria). 


X ray: No abnormality revealed in chest and sinuses. 


Course and Therapy.—She was treated by rest in bed, bland local applications, and an 
increase in insulin. On discharge 5 weeks later, the rash was much paler and less ex- 
tensive. She then attended as an out-patient, but was readmitted in September with a 
diagnosis of acute systemic lupus erythematosus. The rash now covered the whole of the 
face, trunk, and limbs, but was more severe and darker red on the face, ears, and dorsa 
of the hands and feet. The extensor muscles were tender on pressure, and there was 
generalized stiffness, pain, and muscular weakness. A muscle biopsy showed only round- 
cell and plasma-cell interstitial infiltration without loss of muscle striation, so that derma- 
tomyositis was ruled out. A general physical examination revealed no other abnormalities. 
The diabetes was controlled. 

From the time of readmission, her condition gradually deteriorated. Irregular pyrexia 
(99°-101° F.) persisted, in spite of aspirin and a 5-day course of procaine penicillin, 300,000 
units morning and evening. 

By December a severe diffuse alopoecia of the scalp was present. A normochromic 
anaemia was treated by a transfusion of 14 pints of blood. On December 16 a small 
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pericardial effusion developed and the spleen became palpable. Meanwhile the rash was 
fading. On January 19, during a 5-day course of aureomycin, she suffered a short epilepti- 
form attack involving the arms and head. 

On January 23, examination of the eyes revealed similar changes in both fundi (Fig. 1). 
There was slight but definite congestion of the retinal veins and a circumpapillary oedema, 
most pronounced around the upper margin of the discs which were not swollen. In the 
region of the posterior poles there were several discrete superficial lesions, the larger 
appearing like cotton-wool patches, the smaller of slightly firmer texture with a faintly 
pinkish tint. These were situated in the course of, or adjacent to, both arteries and veins. 
Except for a slightly heightened reflex, the arteries appeared normal. Scattered superficial 
haemorrhages were noted in the vicinity of vessels and there were one or two punctate 
lesions which were thought to be micro-aneurysms. Uncorrected visual acuity was 
recorded as 6/9 in both eyes. 


Fic. 1.—Case 1, fundus drawing 
of left eye 6 weeks before death, 
showing circumpapillary oedema, 
venous congestion, aggregations 
of cytoid bodies, and superficial 
haemorrhages. 


By February 7, the patient was critically ill, with temperature 102° F., severe retrosternal 
pain which was worse on swallowing, and a palpable tender spleen. Radiography showed 
considerable widening of the cardiac shadow, and pleural effusion at both lung bases. An 
injection of 25 mg. ACTH produced rapid marked improvement. Within 2 hours the 
patient became cheerful and talkative and her appetite returned. After 4 hours she could 
move her arms freely and without pain. Before the injection of ACTH the urine had 
been free of sugar and acetone, but 24 hours later, these reappeared and the dose of 
insulin had to be increased. Administration of ACTH was continued in 25-mg. doses at 
6-hrly intervals until February 11, the patient’s improvement being maintained. 

From February 11 to 15 a similar dose was given at 12-hrly intervals, but the patient’s 
general condition deteriorated slightly. 

From February 15 to 27, 25 mg. ACTH were given daily. During this period, the skin 
lesions disappeared, and fundus examination on the 12th day after the commencement 
of ACTH therapy revealed a reduction in the size of the larger white exudative patches 
and a diminution of venous congestion. The superficial haemorrhages persisted. ACTH 
therapy was discontinued on February 27 for 3 days, as the patient had developed a 
urinary infection with B. coli and Ps. pyocyanaeus. This was treated by injections of 
1-5 g. streptomycin daily in divided doses. 
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In spite of the re-institution of ACTH therapy at 8-hrly intervals from March 2, the 
patient’s condition steadily deteriorated. She took very little by mouth, muscular weak- 
ness returned, and there was increasing anemia, only slightly and temporarily improved 
by a transfusion of two pints of blood (packed cells). She remained mentally clear and 
coherent until she died on March 11. 

Post-Mortem Examination.—A very emaciated young adult, prematurely aged, with 
very little hair on the scalp. There was some scaling of the skin but no lesions of lupus 
erythematosus remained. The lungs were small and congested, being compressed by a 
large distended pericardium; the pleural cavities were obliterated by recent adhesions, 
the pericardium was greatly distended by 14 pints of haemorrhagic exudate with mucoid 
brownish pus forming a thick sediment. The epicardium had shaggy brownish exudate 
adherent to it. The heart was small and contracted. There were no valvular lesions. 
The suprarenal glands were deficient in cortical lipoid but the medulla was large and 
bulky. No abnormalities were found in any of the other organs except some fatty change 
in the liver. 

Histological Examination.—The pericardium showed a serofibrinous exudate organizing 
in places, and the surface layer showed more recent purulent infiltration. Sections of the 
lungs showed a terminal oedema, fatty infiltration was present in the liver, and cloudy 
swelling in the kidneys. No gross abnormality was seen in the cardiac muscle, pancreas, 
spleen, aorta, and pituitary or suprarenal glands. 

Ocular Findings.—The left eye was removed post mortem, fixed in 10 per cent. formalin, 
and opened by para-saggital section. One portion was embedded in celloidin and sections 
stained with haematoxylin and eosin: The other portion was embedded in carbo-wax 
and the sections from it stained with Scharlach R. 

Macroscopically scattered exudates and one or two retinal micro-aneurysms were 
visible. 

Microscopically the main pathological changes were in the retina. Its fibre layer showed 
diffuse and marked oedema with scattered aggregations of cytoid bodies, frequently but 
not invariably associated with superficial haemorrhages. Oedema was present in both 
plexiform layers and the retinal vessels were congested. The layer of rods and cones 
had been almost completely transformed into granular subretinal fluid resulting in shallow 
detachment. Scattered round cells were present in the choroid. The anterior segment of 
the eye and the optic nerve were normal in appearance. 


Case 2, a female, aged 18 years, was admitted to the Bristol Royal Infirmary under the care 
of Dr. A. M. G. Campbell on October 18, 1952, with a diagnosis of acute disseminated 
lupus erythematosus. In the previous June she had begun to lose her hair and towards 
the end of August had started to run a temperature accompanied by muscular pains and 
tenderness in her thighs and shoulders. She had also noticed some redness of her face. 
After being ill for a month she started to vomit and soon after was admitted to a fever 
hospital as a suspected case of paratyphoid fever. There she was found to present a typical 
picture of acute systemic lupus erythematosus, with alopoecia, facial rash of “‘ butterfly ” 
distribution, and haemorrhagic spots on the pulps of her fingers. A small subconjunctival 
haemorrhage was present in the left eye; both fundi were normal. Her urine contained 
albumen and casts. The spleen and glands were not enlarged and no abnormal signs were 
noted in the heart or lungs. She had been treated by large doses of aspirin, with a 
resulting fall in temperature and improvement in symptoms, but this had been dis- 
continued after a few days because of vomiting. 

Examination.—A pale, lethargic young woman with marked alopoecia of the scalp. 
She complained of stiffness and pain on movement of hips and knees. Her pulse was 92 
and regular, and blood pressure 125/85. The rash, which had largely faded from her face, 
was now evident on the extensor surfaces of both arms. Her teeth were in good condition, 
but there was bleeding from the gums. The axillary glands were enlarged. No abnormal 
signs were noted in the chest, abdomen, or central nervous system. 
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Laboratory Investigations.— 


Wassermann and Kahn reactions negative. 

E.S.R. (Wintrobe) 55 mm. in 1 hr. 

Blood count showed iron deficiency anaemia (Hb. 50 per cent.). 

White cell count, 3,000 per cu. mm. with normal differential. 

Blood urea, 36 mg. per cent. 

Urine contained albumen, blood, and granular casts, scanty pus cells but no organisms; 
culture was sterile. 

Xray of chest showed no evidence of a gross active lesion of the lungs. There was a calcified 
primary complex in the right upper zone. 

The L.E. phenomenon was demonstrated using the patient’s plasma and leucocytes and the 
plasma and leucocytes from another person. 


Course and Therapy.—On October 24 the patient, who appeared very ill, was com- 
plaining of mistiness of vision. Externally the eyes appeared normal. Both fundi (Fig. 2) 
showed numerous retinal lesions of cotton-wool like appearance, mainly situated around 
the disc, which, as in Case 1, was not swollen, though there was circumpapillary oedema. 
These lesions were mostly discrete and in proximity to arteries and veins, but a large 
aggregate of slightly firmer texture was situated between the disc and the macula in each 
eye. The central retinal veins were congested. Only a few small haemorrhages were 
noted in either eye. Two are to be seen in Fig. 2, one ensheathing a small segment of the 
superior temporal vein at a point about a disc diameter from the nerve head, and the 
other fringing the upper margin of an exudative patch below the macula. The upper and 
lower divisions of the central retinal artery showed an increased reflex which did not 
extend beyond the area of circumpapillary oedema. 


Fic. 2.—Case 2, fundus drawing 
of right eye 4 days before death, 
showing circumpapillary oedema, 
venous congestion, superficial 
haemorrhages, and numerous 
aggregations of cytoid bodies. 





From the time of this examination the patient’s condition deteriorated rapidly despite 
treatment with mepacrin 100 mg. twice daily and penicillin. Terminally, the blood urea 
rose to 150 mg. per cent. and there was an increase in the white cell count. She developed 
signs of consolidation first at the base of the left lung and then more generally throughout 
both lungs. Her pulse increased to 140 with a marked gallop rhythm, her temperature 
rose to 105° F., cyanosis, and dyspnoea developed, and death occurred on October 28, 
10 days after admission. 
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Post-Mortem Examination.—A well-nourished, well-developed woman. There was 
residual scabbing at the sides of the nose, but no evidence of a “ butterfly ” rash; petechial 


- haemorrhages in the left forearm, wrists, and elbow flexures; slight freckling of neck, 


face, and forearms; no other rash seen. The lungs showed considerable rather solid 
oedema; there was no broncho-pneumonic consolidation, but the whole of the paren- 
chyma was congested and felt distinctly firm. There were multiple small haemorrhages 
of lobular distribution. The heart was slightly dilated but not hypertrophied, the myo- 
cardium being soft and pale with slight evidence of fatty change. No haemorrhages, 
valvular lesions, or thrombi were seen. Both pericardial and pleural cavities contained a 
clear yellow fluid. Positive findings in other organs were as follows: 

Spleen: acutely swollen, one or two tiny pyaemic abscesses present. 

Liver: severe fatty change. 

Lymph nodes: enlarged, congested and oedematous in all parts of the body; calcified lymph 
node above right hilum. 

Adrenals: complete loss of lipid in thin cortex. f 

Kidneys: acutely swollen, with pale cortex and red medulla; a few scattered pyaemic abscesses 
were noted. 


Right middle ear purulent inflammation; sphenoidal sinus full of pus. 


Histological Examination.—Of the findings in the various organs the most striking 
were those in the kidneys. ‘‘ Wire-looping ” oi the glomerular capillaries was present. 
A few loops contained hyaline bodies which were generally eosinophilic but sometimes 
basophilic as well. Occasionally they were stippled with basophilia, as though containing 
nucleic fragments, possibly representing the haematoxophilic bodies of Gross. In places 
there were small patches of tubular atrophy with epithelial dissociation which might have 
been due to ischaemia. The blood vessels appeared normal; no real tuft infarction was 
present, though occasional slight adhesions were noted. The spleen and axillary lymph 
nodes showed reactive hyperplasia. The lungs showed patchy alveolar haemorrhages in 
various stages of organization, but none more than 2 or 3 weeks old. There were also a 
few small areas of acute inflammatory cellular infiltration, possibly pyaemic. The femoral 
marrow showed a well-marked reactive hyperplasia in which L.E. cells were absent. A 
few perivascular round cells were noted in the psoas muscle. In the pectoral, there were 
also lymphoid aggregates. In the skin petechial haemorrhages were present in the 
papillary dermis, but there was no arteriolitis. The overlying keratin showed evidence 
of previous vesicular eruption. 


Ocular Findings.—The right eye was removed post mortem, fixed in 10 per cent. formalin, . 
and opened by para-saggital section. The larger portion was embedded in celloidin and 
sections stained with haematoxylin and eosin. The smaller portion was embedded in 
paraffin wax and sections from it stained with Mallory’s phosphotungstic acid haematoxy- 
lin and with Holmes’s silver stain. 

Macroscopically the retina appeared grey and opaque. Round the optic disc it was 
raised into a mound, upon the surface of which were several haemorrhages and numerous 
superficial cotton wool spots. 

Microscopically the principal changes were seen in the retina which was thick and 
oedematous, especially posteriorly around the disc where large aggregations of cytoid 
bodies distended the nerve fibre layer and distorted the cellular layers (Fig. 3, overleaf). 
Among the cytoid bodies spherical hyaline globules of smaller size were evident in consider- 
able numbers. Large accumulations of albuminous transudate with hyaline centres were 
present in the outer plexiform layer. Over a wide area the nerve fibres were necrotic 
but this was probably post-mortem degeneration. Near the disc the rods and cones had 
undergone granular degeneration inducing a shallow retinal detachment. Scattered 
lymphocytes and scanty Russell bodies were present in the choroid. There was evidence 
of mild iridocyclitis and the lens showed anterior cortical vacuolation. The cornea 
and sclera were normal. 
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Fic. 3.—Photomicrograph of 
retina (Case 2) showing large 
aggregation of cytoid bodies 
distending nerve fibre layer. 
Haematoxylin and eosin x 120. 





Discussion 

Lupus erythematosus manifests itself either as a chronic skin eruption 
characteristically reddish in colour, scaling and marginated, or as a systemic 
disease which involves not only the skin but also the heart, kidneys, gastro- 
intestinal tract, lymph nodes, spleen, bone marrow, and the serous and 
synovial membranes. The systemic disease may arise de novo, as is most 
commonly the case, or may evolve from a pre-existing chronic form. Its 
course is characteristically severe, and the termination often fatal. Even in 
sub-acute cases, with prolonged periods of remission, the ultimate prognosis 
is grave. 

The presence of numerous L.E. cells in heparinized aspirates of bone 
marrow is strongly suggestive of systemic lupus erythematosus, but these 
cells may also be present in small numbers in other collagen diseases. The 
ingested material in L.E. granulocytes consists partially of depolymerized 
desoxyribose-nucleic acid, and the stimulus to phagocytic activity appears 

-to be a factor linked to the plasma gamma-globulin. The presence of this 
factor can be readily demonstrated in systemic lupus by the method of Mathis 
(1951), but has not been found in other conditions including dermatomyo- 
sitis and discoid lupus. 

Haematoxophil bodies, also containing depolymerized nucleic acid, are 
widely distributed in the tissues of patients with systemic lupus erythema- 
tosus, and, in the view of Klemperer (1952), are pathognomonic of the 
disease. In one series they were present in 32 of 35 cases (Klemperer and 
others, 1950), and in another (Gueft and Laufer, 1954) in thirteen out of 
fourteen cases, as compared with a control series of fifty cases, including 
eight instances of polyarteritis nodosa, from which they were absent. They 
are found most frequently in the kidneys, ovaries, lymph nodes, and heart. 

Gueft and Laufer also stress the diagnostic significance of “ wire-looping ” 
and “ hyaline thrombi ” in the renal glomeruli, which they found in all their 
cases, and of “ onion peel ”’ periarterial fibrosis in the spleen, which was 


present in 60 per cent. 














sir 











ACUTE SYSTEMIC LUPUS ERYTHEMATOSUS 7 


Hypersensitivity is widely invoked as a possible cause of systemic lupus 
erythematosus, but it must be admitted that the fundamental nature of the 
disease is quite unknown. Gueft and Laufer have recently suggested that the 
fibrinoid substance does not result from an alteration in the collagen fibres 
and connective tissue ground substance but is a deposition of degraded 
nucleo-protein from the blood stream. Consideration of these facts recalls 
the speculation proffered by Robb-Smith (1952) that systemic lupus erythe- 
matosus may be a primary disorder of nucleo-protein metabolism, and that 
the L.E. plasma factor is possibly an enzyme which induces nucleo-protein 
denaturation. 


The investigation of these two cases did not reveal any new or unusual 
features. Leucopenia and hypochromic anaemia, noted in both cases, are 
salient clinical features of the systemic disease, in which there not infrequently 
arises a terminal intercurrent infection, as exemplified by the pyaemia which 
developed in Case 2. In neither case was there clinical evidence of hyper- 
tension. Both cortisone and ACTH have proved disappointing therapeutic- 
ally, and general clinical experience suggests that their effect is limited to 
the production of periods of remission. 


Retinal changes not infrequently occur in systemic lupus erythematosus. 
Gold and Gowing (1953) described blurred discs, central exudate, and 
venous congestion in three of their 26 cases, of which 24 were females. 
Higher rates of ocular affection have been reported by Baehr and others 
(1935), who found some retinal change in 50 per cent. of their cases. Mau- 
menee (1940) described retinal cytoid bodies, superficial retinal haemorr- . 
hages, and mild choroiditis in five cases of acute systemic lupus erythema- 
tosus. In all his cases, as in one of those reviewed above, profound toxaemia 
and cytoid body formation were prominent terminal events. These retinal 
lesions may wax and wane with exacerbations and remissions in the course 
of the illness and thus serve as an index of the degree of the severity of the 
systemic process. The micro-aneurysms present in Case 1 were probably 
the result of the diabetes from which the patient had suffered for 8 years. 


In sections, stained with haematoxylin and eosin, cytoid bodies appear as 
spherical or pyriform eosinophilic structures with a deep red core and an 
average diameter of 25u (Fig. 4, overleaf); aggregations of less than a dozen 
or of many scores are visible ophthalmoscopically as superficial fluffy exudates 
(cotton wool spots) located in the nerve fibre layer of the retina. It has not, 
however, been shown that all fluffy exudates consist of cytoid bodies. 


By examining cytoid bodies dissected from fresh, unfixed retinae, Kiewe 
and Hart (1951) demonstrated that they may be fusiform or even tubular 
in outline with filiform terminal processes. They also showed that the bodies 
have a high mucopolysaccharide content, and do not stain with specific 
nuclear stains, and that in flat preparations with injected vessels the neigh- 
bouring retina is almost devoid of patent capillaries. 
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Fic. 4.—Photomicrograph of cytoid bodies, clearly showing more deeply staining 
core. Haematoxylin and eosin. x 500. 


Retinal cytoid bodies occur in hypertensive retinopathy and in diabetic 
retinopathy accompanied by hypertension. They are also seen in association 
with papilloedema, optic neuritis, and lacerations of the retina; in acute 
systemic lupus erythematosus, dermatomyositis, and scleroderma; in 
septicaemia, bacterial endocarditis, leukaemia, severe anaemia, and carcino- 
matosis. They have been reported by Friedenwald (1952) in polyarteritis 
nodosa and erythema multiforme, and we have observed them in an eye 
enucleated for thrombotic glaucoma; they do not, however, commonly 
occur in this condition and the possibility that the patient was hypertensive 
could not be excluded. The white retinal spots occurring in septic retinitis 
and first described by Roth (1872) are probably foci of cytoid bodies. Ver- 
hoeff (1921) found identical bodies in gliomata of the optic nerve and brain, 
and somewhat similar structures, usually, however, lacking the characteristic 
central core, have been demonstrated in many extra-ocular tissues by McLean 
(1935). 

Cytoid bodies have been thought to be nerve fibres swollen by immersion in 
oedema fluid. In favour of this view is the occasional observation of nerve 
fibres in continuity with a cytoid body, and the fact that they are invariably 
located in the nerve fibre layer. Maumenee (unpublished work) has, how- 
ever, demonstrated in flat preparations that cytoid bodies lie between the 
nerve fibres which pass round them without interruption. In addition, it is 
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extremely unlikely that the very slender retinal nerve axons could swell to the 
relatively enormous diameter of 25. or more without disrupting. Finally, 
while the retinal oedema is commonly diffuse, cytoid bodies occur in discrete 
aggregations separated by apparently normal nerve fibres. 

Friedenwald (1948) demonstrated that cytoid bodies are regularly located 
between the terminal bifurcations of arterioles and concluded that they were 
degenerate glial cells in areas of ischaemic infarction. In most instances, 
however, he was unable to demonstrate arteriolar occlusion and presumed 
that such infarcts resulted from arteriolar spasm. This theory does not 
account for the fact that while glial cells pervade the retina cytoid bodies are 
invariably confined to the nerve fibre layer. Moreover, the number of 
cytoid bodies in a large focus, as for example Case 2 (Fig. 3), would seem 
to be greatly in excess of the number of glial cells normally present. Glial 
stains applied to cytoid bodies have proved somewhat inconclusive and do 
not indicate a glial origin with any certainty. 

Verhoeff (1935) expressed the opinion that extravasated blood may, on 
occasions, be converted to cytoid bodies, and Kiewe and Hart, as a result 
of their extensive investigation, concluded that cytoid bodies were probably 
coagulated albuminous exudates moulded by the glial framework in which 
they lie. The darker pseudo-nucleus has not so far been satisfactorily 
accounted for, but may be due to inspissation in the centre of the body. 


Whatever the precise nature of cytoid bodies may be, it is reasonably 
certain that the cardinal factor in their pathogenesis is damage to the endo- 
thelium of the capillaries, which increases permeability and permits the 
escape of plasma and red cells into the nerve fibre layer. Such capillary 
injury may result from circulating toxins, anoxaemia, or stagnation in the 
capillary bed due to obstruction or occlusion of the arterial supply or the 
venous outflow or from a combination of such factors. Regarded in this 
way cytoid bodies appear as exudates peculiar to the nerve fibre layer, but 
comparable in origin to other retinal exudates. 


Summary 

(1) The clinical features, course, and post-mortem findings are recorded 
in two cases of acute systemic lupus erythematosus. 

(2) The accompanying fundus lesions are described. 

(3) Histological changes in the retina and choroid are detailed and the 
pathogenesis of retinal cytoid bodies is discussed. 

(4) General aspects of the disease are considered. 

(5) The effect of treatment by ACTH is recorded in one case. 


We wish to express our thanks to Dr. C. D. Evans and Dr. A. M. G. Campbell, of Bristol 
Royal Hospital, for permission to publish these cases, and for kindly affording access to their 
records. Our thanks are also due to Dr. A. L. Taylor, Consulting Pathologist, Bristol Royal 
Hospital, and to Dr. O. C. Lloyd, Department of Pathology, University of Bristol, who performed 
the autopsies and histological examinations. We are indebted to Dr. P.. Hansell for the photo- 
micrographs. 
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SIGNIFICANCE OF CONGENITAL CYCLO-VERTICAL 
MOTOR DEFECTS OF THE EYES* 


BY 


ALBERTO URRETS-ZAVALIA, 3p. 
Cérdoba, Argentina 


THE fact that vertical disturbances are sometimes present in cases of hori- 
zontal strabismus has been early recognized and described. Strabismus 
surso-adductorius, a condition in which a marked upshoot of the eyes is 
seen in adduction, was first observed by von Graefe (1855) and accounted for 
in different ways by him and by others, who considered it as occasioned by 
an abnormal vestibular stimulation (Ohm, 1916, 1918), by anomalies of the 
scleral insertion of the internal rectus (Cords, 1922) or by an overaction of 
the inferior oblique (Graefe, 1875), either primitive (Bielschowsky, 1935) 
or secondary to an ipsilateral superior oblique or to a contralateral superior 
rectus insufficiency (Urrets-Zavalia, 1948a). Cases in which a downshoot 
of the adducted eye occurs, were also, although more rarely, noted by Ohm 
(1928), who attributed them also to labyrinthine disturbances. 

These findings were contemplated as exceptional (de Lapersonne, 1905), or 
at least as relatively uncommon; Ohm (1928), for instance, detected elevation 
in adduction in only 10 per cent. and depression in adduction in 1 per cent. 
of all his cases of congenital strabismus. Vertical defects, however, are 
much commoner than was previously suspected; yet only recently has 
sufficient attention been given to the fact that they are the underlying cause 
of a great number of cases of exotropia or esotropia which were thought to 
be purely concomitant (Chavasse, 1939; White and Brown, 1939; Malbran, 
1940; Wagman, 1945; Anderson, 1947; Epstein, 1947; Urrets-Zavalia, 
1948a, 1948b, 1948c, 1950a, 1950b, 1950c, 1950d, 1952; Spaeth, 1948). 

More than 6 years ago, we pointed out the fact that when such is the case, 
the observation of the position of the eyes in direct elevation and depression 
is extremely important, since these may give rise to a relative divergence or 
convergence of the visual axes of a prominent diagnostic value. We stated 
at the time that although these cases are truly concomitant inasmuch as the 
lateral component of the deviation does not alter in direct dextroversion and 
laevoversion, they are utterly incomitant in that the magnitude of that 
component varies within wide limits in pure elevation and i oie (Urrets- 
Zavalia, 1948c). 





*Received for publication June 18, 1954, 
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Cases in which, owing to an overaction* of one or both inferior obliques, 
elevation is seen in adduction, ordinarily exhibit a relative divergence of the 
visual axes when looking straight up, and some degree of convergence when 
looking straight down, and this irrespective of whether a convergent or 
divergent horizontal deviation exists in addition to the vertical imbalance 
(Fig. 1A; Urrets-Zavalia, 1948a). The only previous superficial reference 
to this fact was made by Bielschowsky (1939) and recalled by Danis (1948). 

Ringland Anderson (1947) noted divergence in elevation in two of his 
patients; his description, however, does not exactly fit the phenomenon— 
which he attributed to a paresis of both inferior obliques—as seen in typical 
cases. 

Conversely, in cases in which, owing to a primitive or inhibitional paresis 
of one or both inferior obliques, depression in adduction prevails, a relative 
divergence of the visual axes is ordinarily found in depression, as well as a 
relative convergence in direct elevation (Fig. 1B; Urrets-Zavalia, 1948b). 








Fic. 1.—(A) Divergence in elevation, elevation in adduction, and convergence in 
depression. 
(B) Opposite phenomena: convergence in elevation, depression in adduc- 
tion, and divergence in depression. 
The convergence or divergence of the accompanying horizontal deviation 
depends on the action of secondary factors and is practically unrelated to the 
character of the vertical imbalance itself. 


Although there still is no final answer to the question of the origin of these 
vertical troubles, on the basis of both embryological and physiological data 
and of the evidence furnished by clinical and surgical findings, we have 





* Which in turn may be due either to a paralysis of the ipsilateral superior oblique, especially when unilateral 
and acquired, or to an insufficiency of the contralateral superior rectus, if bilateral and congenital. 
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ascribed the variations undergone by the lateral deviation in elevation and 
depression to the lack of balance which appears between the abducting and 
adducting components of the elevators, and between those of the depressors 
as well, as a result of the faulty contraction of one of these muscles (Urrets- 
Zavalia, 1948a, 1948b, 1948c, 1950c, 1952). 


Let us first consider those cases in which elevation in adduction, divergence 
in elevation, and convergence in depression are present. In direct sursum- 
version, the overactive—or even normally contracting—inferior oblique and 
the primitively or secondarily defective superior rectus will cooperate in 
carrying the eyes upwards; yet the abducting component of the former 
shall remain partially unop- 
posed by the adducting com- 
ponent of the latter (as can 
ee be inferred from Fig. 2), and 
as a result the eye will move 
temporally. On the other 
hand, in direct deorsum- 
version, both the inferior 
rectus and the superior 

Mai ga | eae 3 oblique will operate jointly to 

R iat ssi bicelles ee convey the visual axes down- 

wards, but the abducting 

component of the latter being 

overpowered by the adduct- 

ing component of the former, 

the eyes will move nasally in 

the course of their vertical 
displacement. 

Mutatis mutandis the same 

holds true in cases in which 

i the opposite phenomena of 

; Baie depression in adduction, con- 

(Tae eee -“ = ocular muscles of left eye vergence in elevation, and 

divergence in depression exist. 

Krewson (1944, 1951), presenting statements and figures on the lateral 
component of the action of the inferior oblique, assigns to this muscle an 
~adducting action whenever the visual axis is situated nasally with respect 
to a position of 6° of external rotation, and would seem at first glance to 
disagree with the interpretation proposed by us. However, this is not so, 
since Krewson’s calculations refer to the modifications experienced by that 
component as the eye is moved on a strictly horizontal plane, but not to 
those which occur in elevation and depression. Accordingly, one must not 
deny the possibility of the inferior oblique having an external rotating action 
in elevation from the contention that an isolated contraction of this muscle 


L.A. 
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in the primary position brings about an internal, and not an external, dis- 
placement, since, as pointed out by van der Hoeve (1922, 1932), the position 
of the mobile insertion of the ocular muscles with respect to the centre of 
rotation of the globe, and accordingly, the muscle plane—and the muscular 
action itself—alters with every movement of the eye. This is why the affected 
eye becomes exophoric in elevation and esophoric in depression in cases of 
superior oblique palsy (Roelofs, 1949). On the other hand, if we admit that 
the inferior oblique possesses an adducting action even in sursumversion, 
the above explanation of the cause of divergence in elevation would still be 
valid, since the weakened adducting component of the insufficient superior 
rectus should allow the eye to reach that position of 6° of external rotation 
beyond which the inferior. oblique acts as an abductor. 

In this connection, a further fact deserves attention. Normally, in direct 
elevation and depression, not only are the obliques and the vertical recti 
called into play, but the external recti also contract slightly, their abducting 
pull being cancelled by the combined lateral components of the vertical 
muscles (Roelofs, 1949). If the result in a given case is insufficient or ex- 
cessive, the visual axes will thereupon converge or diverge whenever they 
quit the horizontal plane. 

To sum up, two fundamental groups of vertical—and more often than not 
bilateral and congenital—imbalances, as seen in cases of otherwise concomi- 
tant strabismus, may thus be established, according to: 


(i) the vertical changes suffered by the reciprocal position of the eyes as 
they rotate upon a vertical axis, 

(ii) the variations to which the horizontal relationship of both visual axes 
are subjected as they move around a transversal line. 


As stated before, the presence and sign of the lateral deviation which 
eventually supervenes when dissociation takes place is immaterial to the 
intimate nature of the vertical disorders, which are primitive and may exist 
quite independently of such added disturbances. The fact that these vertical 
anomalies eventually become less obvious after surgical correction of the 
horizontal squint, far from proving them secondary to the latter, helps to 
demonstrate their primary quality, as does the possibility of their becoming 
more evident under the same circumstances (Urrets-Zavalia, 1952). 

In previous publications we have elaborated upon the aetiology of the 
muscular defects which lead to the above-mentioned disturbances in the 
vertical field, and we have reached the conclusion that although their essential 
nature is still obscure—as to the neural or mesodermic character of the 
lesions—their bilateral quality and early appearance strongly suggest a 
developmental origin. 


We feel that the presence of adhesions between the superior rectus and the superior 
oblique, on the one hand, and between the lateral rectus and the inferior oblique, on 
the other, as described recently by Johnson (1950) under the name of “ adherence syn- 
drome ”’, plays a certain part in the causation of quantitative and qualitative abnormalities 
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in the action of the vertical muscles. Not merely overactions and apparent pareses, but 
also some puzzling and hitherto unaccountable findings—such as the impressive role 
assumed by the horizontal action of these muscles, and the fact that the vertical imbalance 
is sometimes most obvious in extreme latero-version—might be adequately explained in 
this way. We have looked for and encountered the anomalies under consideration in a 
few cases; up to the time of writing, however, we are not able to state their frequency in 
percentages and properly to evaluate their importance. 

Congenital vertical motor disorders of this kind have to be distinguished 
sharply from the so-called purely innervational, dissociated deviations 
(Bielschowsky’s alternating hyperphoria), which must constitute an entirely 
different group in any classification of vertical motor defects (Bielschowsky, 
1938; Malbran, 1940; Urrets-Zavalia, 1948c). However, considerable 
confusion still exists, in that the former are often mistaken for the latter, 
especially when, owing to a more or less symmetrical insufficiency of one of 
the vertical muscles, an alternating hypertropia is seen in addition to a manifest 
lateral deviation; the fact that’ both types of imbalance may coexist some- 
times also renders accurate interpretation difficult. 

When the vertical defect is serious enough to preclude bimacular fixation 
and to prevent the development of normal binocular vision, or when, if 
early acquired, it représents an excessive burden for the vergence reflexes 
and causes a dissociation of the eyes, a secondary lateral deviation usually 
supervenes through the position of the eyes being determined no longer by 
the demands of bifoveal fixation, but by the action of other factors from 
which the divergent or convergent character and the degree of that secondary 
deviation depend. Among them, the type of the defect affecting the vertical 
muscles is less significant than the disturbing influence of an eventually 
coexisting ametropia or than the release of convergence from cortical contrel; 
this escape phenomenon, by virtue of which convergence becomes an un- 
restrained force, first mentioned by Chavasse (1939), has been extensively 
described (Urrets-Zavalia, 1950c, 1952; Adler, 1953). 

When, on the contrary, the central fixation reflex is strong enough to over- 
come the mechanical hindrance and to achieve bifoveal fixation, normal 
binocular vision develops and the eyes are kept in alignment in the immediate 
vicinity of the primary position; fusion amplitude, however, is usually small 
and a tropia may be seen at times even in straightforward gaze. Orthotropia © 
is thus attained, however precariously, in spite of the surprisingly large 
degree of coexisting heterophoria. 

The normal reflex linkage between convergence and accommodation is in 
the former case loosened or, more commonly, even broken; a total dis- 
junction of both functions occurs, extinction thus being the end-result of 
lack of reward. In the latter case this linkage is always preserved to a certain 
degree. The fact that the added lateral tropia exhibits at times some variation 
in near gaze depends entirely on the amount of dynamic convergence which is 
still in force, i.e., on the age at which dissociation takes place, and has nothing 
to do with the type and magnitude of the vertical disturbance itself. 
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A superimposition of a cyclo-vertical imbalance and a horizontal deviation 
is then apt to occur in the cases under consideration. The cyclo-vertical 
imbalance may become apparent only in certain directions of gaze and is 
essentially incomitant; the lateral deviation is constant in so far as latero- 
version is concerned, but becomes extremely variable as soon as the eyes 
leave the horizontal plane. This partially concomitant character is related 
to the intervention of a supranuclear mechanism (Adler, 1953) only when the 
lateral component is convergent, for, if it is divergent, no such mechanism 
may be alleged to come into play, since the eyes then merely swivel back to 
their absolute position of rest. ' 

Urist (1951, 1952) described the same abnormalities, which he errone- 
ously considered to be secondary to the horizontal deviation (Urrets-Zavalia, 
1952). Brown (1953) has also described these phenomena but without 
acknowledgement of our previously published investigations and conclusions. 

As the collected evidence persistently suggests that most cases of lateral 
tropia with vertical imbalance are of a totally different nature from those of 
a purely horizontal character, a scheme of classification of strabismus was 
devised (Fig. 3), in which the former cases—designated strabismus of an 
ophthalmoplegic type* so as to recall their main clinical feature—were 





Fic. 3.—Urrets-Zavalia’s schema for classifying so-called concomitant strabismus 
into three main categories, according to the dissociating influences: 
(1) Strabismus of an ophthalmoplegic type. 
(II) Strabismus of an anisaesthetic type. 
_ (ID Primarily accommodative strabismus. 
Intermediate forms resulting from superimposed action of several agents are also 
represented. 
S.F.: secondary factors, which determine the sign and, the amount of horizontal 
deviation which almost invariably occurs as a result of dissociation (conver- 
gence vigour, purposive strabismus, etc.). 


* The term type was chosen in order to avoid the aetiologic connotations which the use of words such as nature 
or character would involve. 
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clearly distinguished from the latter, which may be divided into two different 
groups—strabismus of an anisaesthetic type and primarily accommodative 
strabismus—according to their resulting from a marked disparity of the 
retinal images or from an iso-ametropia. The classification just outlined 
includes the fundamental forms as well as the intermediate forms due to the 
superimposed action of several aetiological factors (Urrets-Zavalia, 1950c, 
1950d, 1952). 

As will be shown in a future publication (Urrets-Zavalia, 1954), certain 
slight facial malformations seem to be closely associated with both main 
types of congenital cyclo-vertical deviation. A more or less accentuated 
hypoplasia of the malar bones, a downward slanting appearance of the 
palpebral fissures, and an S-shaped contour of the lower lid margin, as seen in 
abortive forms of mandibulo-facial dysostosis (Franceschetti and Klein, 1949), 
occur frequently when an overaction of the inferior obliques is present 
(Fig. 4, and Fig. 5, overleaf). 








Note. malar bone ge (which 
does not appear very clearly on the 
photograph), anti-mongoloid slanting 
appearance of the palpebral fissures, 
and peculiar S-shaped contour of lid 
margins. 





Fic. 4.—Insufficiency of both superior recti, more noticeable on the right side. 


In straightforward gaze (2) only a small degree of left hypertropia is present. 

In elevation (1) and in depression (3) definite divergent and convergent deviations 
become manifest. 

In dextroversion (4) marked elevation, and in laevoversion (5) slight elevation 
of the adducted eye is seen. 


On the other hand, a mongoloid obliquity of the lid axes with a certain 
narrowing of the palpebral openings is seen in the much rarer cases in which 
an underaction of these muscles exists; the malar bones are then well 
developed and the lower lid border exhibits a somewhat straightened 
contour (Figs 6 and 7, overleaf). * 


In order to ascertain whether these morphological anomalies are related to deeper 
architectural changes and whether they can be more properly evaluated on a quantitative 
basis, some craniometric measurements were made from lateral roentgen-grams of the 
skull. Only the radiologic sphenoidal angle defined by the nasion, ephippion, and basion, 





24 *As parallax errors would influence strongly such rough estimates of palpebral obliquity as can be made as a 
routine procedure in clinical practice, the observer’s eyes should be kept at a level with the eyes of the patient, and 
the latter’s head maintained in an erect position. 
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Fic. 5.—{A) Bilateral overaction of inferior oblique. 
In straightforward gaze (2), a slight right esotropia is seen, which becomes 
more obvious in depression (3) and disappears completely in elevation (1). 
Marked malar hypoplasia, anti-mongoloid obliquity of palpebral openings, S- 
shaped contour of lid margins. 
(B) Marked insufficiency of right superior rectus. 
In straightforward gaze (1) right esotropia and hypotropia are seen. In 
laevoversion (2) the vertical component disappears. In dextroversion (3) 
the vertical factor becomes still more evident. 


No definite changes in the lateral component were recorded in elevation and depression. Some 
facial abnormalities were noted bilaterally, but were more obvious on the right side, i.e., on 


the side of the defective superior rectus. 


Fic. 6.—Bilateral underaction of inferior oblique muscle. 

In straightforward gaze (1) only a small degree of right esotropia was present. 

In depression (2) a definite. divergence of the visual axes took place. 

In elevation (not shown) no significant change in the horizontal deviation 
could be seen. 

In laevoversion (3) and in dextroversion (4) depression of the adducted 
eye occurred (this was more evident clinically, as demonstrated by the 
cover test, than in the photographs). 

Note normal development of malar bones, mongoloid obliquity of lid axes, and straight palpebral 
margins. 


the nasal angle determined by acanthion, nasion, and basion, and the angle determined 
by acanthion, nasion, and ephippion (Delmas-Marsalet, 1942; Dyke, 1941) were taken 
into account. 

According to the observations made by Bertolotti (1910, 1912, 1914) in cases of oxy- 
cephalia and Crouzon’s cranio-facial dysostosis, a more or less marked reduction in these 
angles should be expected to occur whenever a certain degree of hypoplasia of the facial 
skeleton exists, as well a8 a certain increase of the same when the opposite situation 
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Fic. 7.—Bilateral insufficiency of inferior oblique muscle. 
In forward gaze (2) a pronounced alternating 
esotropia was seen, which became exaggerated 
when looking straight up (1) and diminished 
almost to nothing when looking straight down (3). 

Some facial peculiarities were seen, as in the preceding case. 


prevails. Although our present experience is limited, we feel that in cases of cheekbone 
hypoplasia abnormally low values often correspond to the nasal angle and the acanthion- 
nasion-ephippion angle. However, as we are still unable to assign any statistical signifi- 
cance to the differences encountered, and as the goniometric changes which would result 
from the recession or the advancement of the acanthion may be exaggerated or counter- 
acted by independent and purely accidental variations in the position of the ephippion 
and the basion, the importance of the changes encountered must be minimized. 


Although the aetiology and pathogenesis of such abnormalities will not be 
discussed at present, we wish to emphasize that they obviously result from a 
developmental error and that their occurrence in cases of strabismus in which 
vertical disturbances can be demonstrated points to the latter as being also 
of a developmental nature. 

In cases of strabismus in which neither divergence nor convergence in 
elevation or depression exist, and which do not exhibit the aforementioned 
facial abnormalities, the eventually coexisting vertical disturbances are for 
the most part secondary to the horizontal deviation. 


Summary 


In cases of strabismus, in which, owing to an overaction of the inferior 
oblique muscle, elevation in adduction is present, a conspicuous divergence 
of the visual axes is often met with in sursumversion, as well as some degree 
of convergence in direct deorsumversion. The opposite phenomena of 
convergence in elevation and divergence in depression are seen whenever a 
downshoot of the eye in internal rotation exists as a result of a defective 
contraction of the aforementioned muscle. 


The incomitance exhibited by the horizontal deviation in pure elevation 
and depression, as well as the vertical imbalance to which it is due, are 
thought to be of developmental origin, because of their primitive character 
and frequent association with slight facial malformations. 
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CORNEAL ULCERATION* 


SENSITIVITY OF BACTERIA TO ANTIBIOTICS 
BY 
TULSI DAS, M. L. SUR, anv M. R. CHADDAH 
Department of Ophthalmology and Otolaryngology, Medical College, Amritsar, India 


CorNEAL ulcers are common in all ophthalmic hospitals in India, especially 
in the summer. Their treatment was very unsatisfactory before the advent 
of antibiotics but even antibiotics were found to have their limitations in 
hypopyon ulcers, especially those due to B. pyocyaneus which always pro- 
gressed to perforation of the cornea in spite of vigorous treatment. It was 
therefore decided to place the antibiotic therapy on a sound and scientific 
basis. A cultural study was made of the scrapings of corneal ulcers and 
conjunctival discharges. As the organisms could have come from exo- 
genous and endogenous sources, this study was supplemented by culturing 
discharges from the meibomian glands, washings of the lacrimal sac and 
external auditory meatus, and normal conjunctival and nasal secretions, 
Sensitivity tests were carried out on six antibiotics in common use. 


Methods of Study 

Cultures.—The bacteriology of the conjunctival discharge was studied in fifty 
persons of different age and sex, and that of discharge from the meibomian glands 
in 25 normal persons. 

Washings of the lacrimal sac were cultured in 25 normal persons to find if an 
uninfected sac also acted as a reservoir of pathogenic organisms which might infect 
a corneal abrasion. 

The bacterial flora of the external auditory meatus were studied i in 25 persons 
who had no history of ear discharge. 

In 100 cases of corneal ulceration, in addition to detailed history-taking and 
routine blood and urine examinations, the following bacteriological examinations 
were carried out. 


(1) Smear examination and culture of the conjunctival discharge. 
(2) Smear examination and culture of the scrapings from the advancing margin of the 
corneal ulcer. 


The specimens were taken by a platinum loop before staining the ulcers with 
fluorescein, as this has been held responsible for a negative culture in some cases 
(Juler and Young, 1945), and has also been blamed as a source of B. pyocyaneus 
(Thygeson, 1948). 





*Received for publication July 5, 1954. 
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To find out whether the nose acted as a source of infective organisms, the nasal 
discharge was cultured in 29 cases of chronic rhinitis with ulceration of the cornea. 


Tests.—The sensitivity tests were carried out with various groups of organisms 
isolated from twenty cases of corneal ulcer, and the results of these tests were 
similar in the various groups of organisms isolated from different patients. Even 
in the organisms isolated from cases of ear discharge the sensitivity tests gave 
results identical with those from cases of corneal ulcer, proving the similarity of 
strains in the population of the Punjab. 


Technique of Sensitivity Tests 


Standard stocks of each of these drugs, except aureomycin, were prepared in sterile 
distilled water, so that 1 ml. of each contained the following: 20 mg. sulphacetamide, 
40 units penicillin, and 200 ug. of each of the other antibiotics (dihydrostreptomycin, 
chloramphenicol, and terramycin). These could be stored in a refrigerator for one week 
without deterioration. In the case of aureomycin, which deteriorates on standing, a 
fresh solution had to be prepared every time, by dissolving a 50-mg. tablet in 250 ml. 
sterile water. 

Ten sterile tubes for each drug were set out in a test tube rack; 0-5 ml. infusion broth 
at pH 7-3-7-4 was delivered into each of the tubes except the first; 0-5 ml. standard 
solution of the drug was delivered into the first and second tubes; the contents of the 
second tube were mixed and 0-5 ml. transferred to the third tube; this procedure was 
repeated for the succeeding tubes. After mixing the contents of the last tube, 0-5 ml. was 
discarded so that all the tubes contained 0-5 ml. in different dilutions of the drug, i.e., 1:1, 
1:2, 1:4, and so on. 

After this a 1-in-10,000 dilution of a 24-hr culture of the organism was prepared in 
infusion broth, and 0-5 ml. of this diluted culture was added to each tube in the series. Thus 
the final dilution of the culture was 1-in-20,000; that of the drugs is shown in Table I. 


TABLE I 
DILUTIONS OF DRUGS 





Test Tube No. 9 | 10 
| Terramycin (ug./ml.) ... 25 |12-5 |6-25|3-12|1-56|0-78 |0-39 |0-19 


| Chloramphenicol 25 12-5 |6-25|3-12|1-56|0-78 |0-39 |0-19 
(ug./ml.) | 


Aureomycin (g./ml.) | ! |12-5 6°25 3-12| 1-56 0-78 |0:39 |0-19 


Drug | 
| Dihydrostreptomycin 25 12-5 |6-25| 3-12} 1-56|0-78 |0:39 |0-19 
| (ug./ml.) | 









































| 
| Penicillin (units/ml.) sf 20/10| 5 | 2-5 |1-25|0-62|0-31/0-15 |0-078|0-039 


| Sulphacetamide (mg./ml.) 10| 5 2:5| 1-25/0-62| 0-31 (0-15 0-078 | 0-039 | 0-019 
| 


























The rack containing the test tubes was shaken gently but thoroughly and incubated 
for 24 hrs at 37°C. Next day the tubes were examined for any evidence of turbidity. The 
concentration of the drug in the first tube showing no evidence of bacterial growth was 
taken to be the minimum inhibitory concentration (MIC) of the drug for that organism, 
as an index of the sensitivity of the micro-organism to that particular drug. 

In cases of streptococcus and pneumococcus, glucose broth was used in place of ordinary 
infusion broth. 
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Results 


Cultures 
(1) Normal Conjunctival Sac.—The following results were obtained from fifty 
cases: 


Pneumococci ... as “ih ee 
Pathogenic ... pais Strept. viridans ... sey sr SS 
—_ pyogenes .. ka aie a a 
: xerosis ae ae 
Non-pathogenic ei seen tte staphylococcus Peete |, 
Negative... ies 


Thus 22 per cent. of the organisms were sihoannic, but in two cases more than 
one pathogenic organism was isolated; only 18 per cent. of the subjects had 
pathogenic organisms in the conjunctival sac. Detailed results are given in 
Table II. 


TABLE II 
BACTERIAL FLORA OF NORMAL CONJUNCTIVAL SAC 





Non- Patho- | More 
Negat- C. patho- | Staph. | Strept. genic | than 
ive xerosis | genic | pyogenes| viridans Organ- One 
Growth Staphy- isms Organ- 
lococcus ism 














4 
2 
5 
6 
2 
3 














| 
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(2) Meibomian Glands.—The discharge from 25 normal cases gave the following 
results: 








| 
| 
| 
EE 
Be 
3 


38 | 





Pathogenic (isolated Strept. viridans ... 
from eight cases, Pneumococci s 
32 per cent.) Staph. pyogenes 
C. xerosis 
Staphylococci 
Micrococcus ... sp 
aaaiacisenitens streptococci axe 


Non-pathogenic 


Oe —-wMSONNA 


Negative 


(3) Lacrimal Sac.—Washings from 25 normal persons gave the following results: 


Pathogen ... be: Strept. viridans ... uae ee es ee 
Staphylococci ak aed sae aoe 

Non-pathogenic cee ' Si edi Se 
N. Catarrhalis ... 
Negative sy es Se 
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(4) External Auditory Meatus.—No pathogenic organisms were isolated from 
25 normal persons, only the following being found: 


Staphylococci ... an ar sas ee ose ee PES i : 
C. xerosis as eee pea es sa eee ee BPARES 
M. tetragenes Ses ie Bre we oe awe sees 
Negative growth is ee cae sue ad ie era | 


(5) Corneal Ulcer.—The following bacteria were isolated from the conjunctival 
discharge and ulcer scrapings in 100 cases: 


Staph. pyogenes ... aa ae enon 
B. pyocyaneus ... ie es seni ae 
Pneumococci seh ie ‘isis 
Strept. viridans ... 

B. proteus ve 

Strept. haemolyticus 

C. xerosis 

Staphylococci 

M. tetragenes 

N. catarrhaiis 

Non-haemolytic ... Streptococci 

Negative ae ie ens 


The following organisms were seen in the smears of five of the nineteen negative 
cases: 


Pathogenic ... 


Non-pathogenic 


Gram-positive diplococci 
Gram-positive cocci and bacilli 
Gram-positive cocci .. 

Gram-negative bacilli (B. pyocyaneus)? 
Gram-positive diplococci and bacilli 


In these hundred cases of corneal ulcer, the lacrimal sac was positive in only 
three, in two of which pneumococci were isolated. 


(6) Nasal Cavity.—The following organisms were isolated from the nasal 
discharge in 29 cases of corneal ulcer with chronic rhinitis: 


Staph. pyogenes... 
Strept. viridans ... 
Pathogenic ... aes Pneumococci 
B. pyocyaneus .. sod 
Friedlander’s bacillus ga 
C. xerosis : Kee 
Staphylococci 
M. tetragenes 
‘LN. catarrhalis 


Non-pathogenic 


Negative 


(7) Comparison of conjunctival and nasal discharge.—In only three of 29 patients 
with corneal ulcer were all the pathogenic organisms found in the conjunctival 
discharge also present in the nasal discharge (Staph. pyogenes in two; B. pyocyaneus 
in one). In seven cases, only one of the pathogens in the nose was also found in 
the conjunctival flora. Pathogenic organisms were isolated in the conjunctival 
discharge of nine of the remaining nineteen, and in the nasal discharge of another 
nine. 


Tests.—All the Gram-positive cocci were very sensitive to all the drugs tested 
except sulphacetamide which was less effective; Staph. pyogenes was found to be 
resistant to sulphacetamide in the strengths used (in these tests up to 10 mg. ml.), 
except for a few strains whose growth was inhibited by strong concentrations only. 
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B. pyocyaneus and B. proteus were only Gram-negative organisms isolated from 
these ulcer cases. All the strains of B. pyocyaneus were found to be most susceptible 
to dihydrostreptomycin and next to terramycin; all were resistant to penicillin and 
almost all to aureomycin. B. proteus was found to be most sensitive to dihydro- 
stréptomycin and resistant to penicillin and aureomycin (Table III). 


TABLE III 
CONCENTRATIONS OF DRUGS TO WHICH MICRO-ORGANISMS WERE SENSITIVE 





Concentration Necessary for Total Inhibition (per ml. medium) 





Organism Sulphacet- _... | Dihydro- | Aureo- Chlor- Terra- 

amide Penicillin | strepto- mycin amphen- mycin 
(mg.) (units) mycin icol 
: (ug.) (ug.) (ug.) (ug.) 


0-39 3-12 
0-39 0-39 0-39 
0-19 3-12 
0-78 0-39 
0-39 0-39 
100 6:25 
25 3-12 


0-39 0-19 
0-19 0-39 
0-39 0-39 
0-19 0-19 
0-19 6-25 
0-39 3-12 


0-19 0-39 
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* R—resistant to dilutions used, 


Discussion 

Cultures.—The commonest pathogen responsible for corneal ulceration in 
this part of India is Staph. pyogenes (31 per cent.). This finding agrees with 
that of Juler and Young (1945), who cultured this organism in 30-4 per cent. 
of their cases. Next in importance is B. pyocyaneus. Pneumococcus does 
not play any significant role. Only B. pyocyaneus produced clinically dis- 
tinguishable ring ulcers in most of the cases; it was associated with trauma 
in nine out of fifteen cases. Pneumococcus failed to produce a typical ulcus 
serpens. 

The study of the bacterial flora of the healthy normal conjunctival sac 
revealed that 18 per cent. of the subjects were harbouring pathogenic or- 
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ganisms. A break in the continuity of the corneal epithelium in such persons 
will lead to corneal ulceration. In the other 82 per cent. where the con- 
junctival sac is either sterile or is harbouring non-pathogenic organisms, 
the pathogenic organisms must have come from one or more of the following 
sources : 


(1) Foreign Body.—25 per cent. of our cases gave history of trauma. 

(2) Lacrimal Sac.—Pneumococcus is usually held responsible for dacryocystitis and 
culture of pneumococcus was obtained in two of our three cases who had associated 
infection of the lacrimal sac. 

(3) Meibomian Glands.—Pathogens were isolated in the discharge from the meibomian 
glands in 32 per cent. of normal persons (Scobee, 1942). 

(4)* Ear.—Browning (1927) suggested that the ear should always be examined when 
B. pyocyaneus has been isolated from the conjunctival sac. 

(5)* Bottles—Thygeson (1948) thought fluorescein bottles were the source of B. 
pyocyaneus infection, and others blame penicillin bottles. 

(6) Nasal Cavity.—The similarity of flora in the nose and conjunctiva (above p. 000) 
may be due to bacteria not normally found in the nasal cavity being carried down the 
lacrimal passages. As regards the route of infection from the nose, we presume it to be 
by way of contaminated fingers and handkerchiefs. 


Sensitivity Tests.—These revealed that all these drugs except sulphaceta- 
mide inhibited the growth of Staph. pyogenes, pneumococci, and streptococci 
in quite low concentrations. 


Staph. pyogenes, the commonest infecting organism in corneal ulceration, 
was resistant to sulphacetamide in the strength used in these tests (up to 
10 mg. ml.), except for a few strains which were inhibited by strong concen- 
trations only. Similar results were obtained by us in tests carried out with 
sulphadiazine against thirteen strains of Staph. pyogenes isolated from the 
aural discharge. This shows that the sulphonamides are not very efficacious 
in corneal ulceration and should be replaced by antibiotics. 

Andina and Allemann (1950) tested the sensitivity of 52 strains of Staph. 
aureus haemolyticus, 48 strains of Strept. haemolyticus, 62 strains of Strept. 
viridans, and eighteen strains of pneumococcus by the hole test method. 
Their results agree with ours, except that they found Staph. aureus also 
susceptible to sulpha-drugs. 

All strains of B. pyocyaneus were found to be susceptible to dihydro- 
streptomycin, terramycin, and sulphacetamide; all were resistant to penicillin 
and almost all to aureomycin and chloramphenicol. Similar tests carried 
out by us with sixteen strains isolated from the aural discharge also support 
these findings. Lutz and others (1950) found that all their strains of B. 
pyocyaneus were resistant to penicillin and nearly all to streptomycin and 
chloramphenicol, while terramycin proved to be the most effective. 


* Our observations, however, indicate that infection is mostly brought in by contaminated foreign bodies, for a 
history of trauma was obtained in nine out of our fifteen cases in which B. pyocyaneus was found; only three of 
them had used any eye drops before reporting to the hospital, fluorescein was not dropped into the eyes of any one 
of them, and none of them had discharging ears. The absence of pathogenic organisms in the normal external 
auditory meatus also goes against the view that the ears act as a source of infecting organisms in corneal ulcer. 
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B. proteus was found by Lutz and others (1950) to be most sensitive to 
dihydrostreptomycin and resistant to penicillin and aureomycin. Similar 
tests performed by us with 52 strains of B. proteus cultured from the aural 
discharge showed them all to be susceptible to dihydrostreptomycin and 
chloramphenicol (the latter in higher concentrations); 80 per cent. to terra- 
mycin; 40 per cent. to penicillin in the concentrations used. On the other 
hand, Lutz and others (1950), who also carried out these tests by the dilution 
method with fifty strains of B. proteus, came to the conclusion that 
chloramphenicol tested was the most effective antibiotic—only two of the fifty 
strains being resistant to it, whereas almost all resisted fairly high concen- 
trations of aureomycin and terramycin. These wide variations in results 
may be due to differences in the strains isolated in different regions, and also 
perhaps to differences in technique. 

Thus dihydrostreptomycin is the most effective drug in cases of corneal 
ulceration, and there are no strains which are resistant to it. Next comes 
terramycin which, though it inhibited all types of micro-organisms isolated 
from conjunctival discharge, required higher concentrations to check the 
growth of Gram-negative bacilli, and was equally effective in Gram-positive 
cocci. The results of in vitro tests are not finally conclusive, and before 
selecting a drug for systemic therapy the clinician must keep in mind its rate 
of absorption and distribution, rate of excretion, toxicity, and also its effects 
on the normal intestinal flora which are capable of synthesizing the vitamin 
B group (biotin, folic acid, riboflavin, thiamine, nicotinic acid, inosite, 
pantothenic acid) and vitamin K. Their effect on the rate of healing of the 
corneal epithelium should be considered besides their action on the infecting 
micro-organisms. 


Summary 


(1) A bacteriological study was made of fifty normal conjunctival sacs, 
meibomian gland secretions in 25 normal persons, washings of the lacrimal 
sacs in 25 normal persons, and the external auditory meatus of 25 persons. 


(2) The bacteriology of corneal ulceration in one hundred cases is dis- 
cussed. 


(3) The results of sensitivity tests of twenty organisms carried out by the 
dilution method against sulphacetamide, penicillin, dihydrostreptomycin, 
aureomycin, chloramphenicol, and terramycin show that the strain of 
Staph. pyogenes found in this part of India is resistant to sulphacetamide. 
Dihydrostreptomycin and terramycin are the only two antibiotics which 
inhibited the growth of both Gram-positive and Gram-negative organisms 
isolated from the conjunctival discharge in corneal ulceration. 


(4) The bacteriology of the nasal discharge in 29 patients suffering from 
corneal ulceration is compared with the organisms isolated from the con- 
junctival discharge. 
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(5) Various sources of infecting organisms in corneal ulcerations are 
discussed. 


We wish to thank the Punjab University for permitting us to publish this portion of the thesis 
submitted by one of us (M.R.C.) for the Degree of Master of onan. 

We are grateful to Chas. Pfizer and Co., Inc., for the supply of terramycin hydrochloride 
powder, and to Lederle Laboratories for the supply of water-soluble tablets of aureomycin 
hydrochloride. 
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DEGENERATIONS OF THE DOG RETINA* 


Vil. CENTRAL NON-PROGRESSIVE DEGENERATION DUE TO AN 
ANOMALY OF THE GANGLION CELLS AND THEIR AXONS 


BY 


H. B. PARRYT 
Animal Health Trust, Newmarket, Suffolk 


PRIMARY degeneration of the ganglion cells and their axons without con- 
current involvement of other retinal structures is uncommon in the dog. A 
centrifugal degeneration secondary to severe damage to the optic nerves 
following para-distemper infection occurs occasionally in adolescent and 
adult life (Parry, 1954a). This paper describes a syndrome in a strain of 
Cocker Spaniel dogs in which an anomaly of the ganglion cells and the optic 
nerve fibres of the central retina gives rise to a central scotoma in infancy. 
The presence of congenital cataracts suggests that there has been some 
disturbance within the eyeball during the later part of foetal life. 


Material and Methods 


The methods and terminology have been described previously (Parry, 1953a, b, c). 
The material has consisted of natural cases referred in consultation. 

Case 1, a tricolour Cocker Spaniel male pup, weighing 2-5 kg. at 8 weeks old, was one of 
a litter of six whelped at full-term after an uneventful first pregnancy. Parturition was 
normal and the pups were strong. One male pup had a cleft palate and was ania das 
The four surviving litter-mates are said to have normal vision. 

Case 2, a blue-roan Cocker Spaniel, dam of Case 1, was first examined when 34 years old 
and was found to show signs of a moderate central scotoma of which the animal’s owner 
was unaware. 

Cases 3 and 4, blue-roan Cocker Spaniel litter-mates, were first examined when 3 years 
old; they were said to have had defective vision and cataracts since puppyhood. 


Results 

(1) Changes in the Eye 

Clinical Data.—Detailed observations of the disease in infancy were only 
possible in Case 1. The general growth and development of this pup were normal 
and the eyelids opened at the normal time. When 3-4 weeks old it was noticed 
to be slower than its litter-mates in moving round the kennel, and by 6 weeks old 
the owner considered it to be partly blind owing to its clumsiness in finding the 
food bowl. It moved about freely but tended to look out of the corners of its eyes 
as if using the peripheral part of the fundus. The pup was examined when 8 weeks 
old. It was well grown and no abnormalities were observed apart from those in 
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the eyes. The eyeballs and adnexa were normal, although the owner considered 
that the eyes were rather smaller than usual; the average pupil size was 2/8 mm.; 
the eye preservation and pupillary reflexes were present and brisk. The media were 
clear, but in both lenses a dense suture cataract of the foetal nucleus was present. 
The inverted Y of the posterior suture was a dense white line about 1-5 mm. high 
and 0-2 mm. wide, surrounded by a less dense zone 0-1 mm. wide. The cataract 
was about 1 mm. deep antero-posteriorly, becoming less dense anteriorly where 
it was joined to the anterior suture by several fine spider-web opaque strands. The 
anterior suture was also opaque but less dense than the posterior one, the dorsal 
arms of the Y not being clearly defined. The outer 1-5 mm. of the lens was normal. 
Examination of the fundus was unsatisfactory owing to refractive distortion in the 
lens. The pup retained some vision. 

Three affected adult dogs (Cases 2, 3, and 4) were examined; they all had a 
** bold eye ”’, i.e. an unusually dilated pupil, carried their heads with the poll high 
and looked sideways at objects close to them. Night vision was not more affected 
than day vision and both eyes were affected similarly. Vision was not obviously 
abnormal as long as the dogs were on their “ home ground ”, but away they were 
timid and tended to keep close to their owner’s heels. The size and tension of the 
eyeball, adnexa, and media were normal. The average pupil size was about 
10/14 mm. when the light was projected towards the central area, but was reduced 
when the peripheral fundus was illuminated. The eye preservation and pupillary 
reflexes were present but could be elicited much more readily from the peripheral 
fundus. If the attention of the dog’s eyes was fixed on a hand held at about the 
lip of the nose, there was an arc lying approximately between 30° and 60° from the 
rostro-caudal axis of the head in which no eye preservation reflex could be elicited. 
The lenses were symmetrically abnormal in all three cases; in Case 2 there was a 
general distortion of refraction without cataractic foci, while Cases 3 and 4 both 
showed the suture cataracts similar to those in Case 1, although the anterior suture 
was not clearly defined but consisted of a fine spider-web network. The fundi 
in these cases showed swirling of the tapetal fundus and the secondary blood 
vessels were less conspicuous than normal; there were no pigment foci. The optic 
papillae of Case 2 were normal in size but they were very pale and on the dorsal 
margin of each was a dark grey cone with ragged edges. In Cases 3 and 4 the 
papillae were much enlarged, being about half as big again as norma); they were 
flat, pale grey, and with irregular margins. The principal blood vessels were normal, 
but the secondary vessels were inconspicuous. 


Morbid Anatomy.—Case 1 was examined when 8 weeks old. The pup was de- 
stroyed by intra-vital fixation with Kolmer’s cold-blooded fluid under deep pento- 
barbital sodium anaesthesia. The right eyeball was enucleated prior to fixation 
for immediate dissection. The position of the cataracts noted in life were confirmed: 
they consisted of rather firm dense, white, non-gritty material, which separated 
quite readily from the outer transparent portions of the lens, which were of normal 
consistency. The anterior chamber was about 1-5 mm. deep and the iris and ciliary 
body were normal; no hyaloid vessels were found and the vitreous chamber was 


normal. The brain and optic nerves were normal. There were no defects of the 
heart or hard palate, and no abnormalities of other parts of the body were noted. 


Histology.—The left eye was examined. The choroid, sclera, tapetum, and outer 





CENTRAL GANGLION CELL DYSTROPHY OF DOG RETINA _ 31 


Fic, 1.—Section of retina of 8-weeks-old Cocker Spaniel pup affected with central 
retinal degeneration due to ganglion cell dystrophy; peripapillary non-tapetal 


fundus. Note marked cavitation of optic nerve fibre and ganglion cell layers. 
The outer layers of the retina, the pigment epithelium, and the choroid are normal. 
The separation of the rod and cone layer is due to artefact. Intra-vital fixation 
with Kolmer’s cold-blooded fluid. Mallory’s phosphotungstic acid haematoxylin. 


(x 120). 


The retinal structures are labelled in the right hand margin in the same way as in previous papers. 


layers of the neuroepithelium were normal over the whole fundus (Fig. 1). However, 
in the central fundus the optic nerve fibre and ganglion cell layers were degenerate 
(Fig. 1). The zone of degeneration extended from the papilla to the middle of the 
mid-non-tapetal zone ventrally, and involved the tapetal fundus dorsally to a 
slightly less extent. In this central zone the optic nerve fibre layer was much 
thickened, and many of the fibres, especially along the outer margin, had disappeared 
leaving large cavities (Fig. 2a, overleaf). Across these cavities ran enlarged strands 
of Miiller’s fibres terminating in conspicuous fans against the internal limiting 
- membrane. The ganglion cells were still present in approximately normal numbers, 
but the large ganglion cells were probably less numerous and the Nissl substance of 
the remaining giant cells was agglomerated into large clumps which stained deeply 
with basic dyes (Fig. 2a). The retinal blood vessels appeared to be normal in 
frequency and structure, but many of the larger vessels were buried rather deeply 
in the ganglion cell layer, possibly due to the thickening of the optic nerve fibre 
layer, which might account for the apparent loss of the subsidiary vessels on 
clinical examination of the fundus. The optic papilla was slightly convex and its 
surface layers contained many small cavities, which have been seen in normal 
Greyhound and Red Irish Setter pups of the same age. The optic nerve beyond 
the lamina cribrosa was 2-5 mm. in diameter and it appeared to be essentially 
normal. No abnormalities of the choroid, sclera, and anterior parts of the uveal 
tract were noted. The lens showed a normal peripheral zone and capsule with 
equatorial formation of new fibres in the normal way, but the central portion was 
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: (a) (b) 
Fic. 2._(a) Higher magnification of same preparation as Fig. 1. (6) Section of 
retina from normal Red Irish Setter pup of the same age; peripapillary non-tapetal 
fundus about 1 mm. from the papilla. Note in affected retina that outer layers of 
retina are normal, but that optic nerve fibre layer is greatly thickened and vacuolated. 
The inner portion of the layer still contains nerve fibres, but the outer portion 
is composed of cavities traversed by conspicuous strands of Miiller’s fibres, the fan- 
shaped terminations of which are unusually prominent against the internal limiting 
membrane. In the ganglion cell layer the number of nuclei is probably not reduced, 
but an unusually large number of small cells are seen and the cytoplasm of the 
hahaa 500) agglomeration of their Niss] substance. Fixation and staining as in 
ig. 1. (x ; 


fragmented and in places consisted of a fine granular, faintly eosinophilic material 
only. 
(2) Development of the Disease 

From the limited data available it appears that the extent of the lesion is probably 
determined by the time the eyes are opened and that the defect of vision remains 
largely unchanged thereafter, although the defect may not be noticed in early life. 
The extent of the retinal defect and the cataracts varied a little; Cases 3.and 4 were 
nearly totally blind and had large papillae and suture cataracts, while Case 2 had 
better vision, a more normal papilla, and no suture cataracts. 
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(3) Associated Defects 

The general health and breeding performance of affected and related animals were 
normal as far as could be ascertained. The dogs were kept for showing and as 
house pets. No other abnormality of their nervous system was detected on physical 
examination, although Case 3 was said to have little sense of smell. 


(4) Occurrence of the Disease 


The syndrome has only been observed in this family of blue-roan and tricolour 
Cocker Spaniels. Data were available concerning 36 dogs in ten litters born since 
1944, but details of all litter-mates were only available for three litters. Eight of 
the 36 dogs were probably affected, three males and five females, although only 
four of these have been examined personally. The paternal and maternal grand- 
sires of Case 1, and the dam of Cases 3 and 4 were litter-mates, although none of 
the seven members of this litter was known to have defective vision. A litter-sister 
of Case 2 was affected from puppyhood. The sire of Cases 3 and 4 had three 
affected pups by another bitch. The syndrome obviously has a familial incidence, 
but the evidence is as yet inadequate to establish that it has an hereditary basis. 


33 


Discussion 

This syndrome of central retinal degeneration differs from the central 
atrophy described previously (Parry, 1954b) in its early, probably congenital, 
onset, its tendency to be non-progressive after defective vision has been 
recognized, the absence of pigment epithelial dystrophy, the location of the 
primary damage in the third-order neurones near the papilla, and the 
occurrence of cataracts of congenital type. These features also serve to 
distinguish this syndrome from any others we have found in the literature. 

A consideration of the possible pathogenesis of the syndrome raises some 
intriguing problems. The presence of suture cataracts in the foetal nucleus 
of the lens immediately suggests that some disturbance of intra-ocular develop- 
ment has occurred during intra-uterine life (Mann, 1935). The foetal nucleus 
of the lens is laid down in man between the 3rd and 8th months of pregnancy 
(Duke-Elder, 1938). Precise information on the development of the lens in 
the dog has not been found, but since the maturation of the retina takes place 
in the dog much later than in man—the differentiation of the nuclear and 
rod and cone layers occurring after birth (Parry, 1953a)—it may be that the 
foetal nucleus of the lens may be formed later in the dog than in man, and 
that its development may not be complete by birth. The occurrence of the 
suture cataracts and their increased density towards the outer part of the 
foetal nucleus where they stop abruptly, leaving the outer layers of the lens 
clear, strongly suggests that the intra-ocular disturbance occurred during 
the later part of intra-uterine life. Such a dating is also supported by the 
lesions in the retina. While we do not know precise details of the development 
of the ganglion cells and the outgrowth of the axons to form the optic nerve 
in the dog, these occur between the 3rd and 4th months of pregnancy in 
man (Mann, 1949), i.e. before the middle of gestation. As the optic nerve 
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and papilla are normally developed in the dog syndrome, this stage of develop- 
ment must have been essentially normal. Thus the lesion in the optic nerve 
fibre and ganglion cell layers must be due to a later degeneration, which has 
occurred most probably during late intra-uterine life. The clinical and 
histological evidence suggests that the optic nerve fibre and ganglion cell 
layers of the peripheral fundus are functioning normally and that the fibre 
connections to the optic nerve are intact. The development of this part of 
the retina occurs partly after birth (Parry, 1953a) when normal conditions 
had presumably been re-established, if one may judge from the normal 
structure of the infantile lens and the normal development of the nuclear and 
rod and cone layers of the retina in these affected eyes. 

The evidence thus points to some disturbance within the developing eyeball 
during late intra-uterine life. We can only speculate as to the nature of the 
disturbance, but the fact that the more highly differentiated tissues comprising 
the posterior part of the lens and the inner layers of the retina are the most 
severely involved, suggests that some temporary insufficiency of the blood 
supply through the hyaloid system may have occurred; this insufficiency was 
presumably not enough to disturb the more primitive and as yet undifferenti- 
ated single nuclear layer of the retina, which is also probably nourished in 
part by the choroidal circulation. 

The aetiology of this disturbance is obscure. The studies of Gregg (1941) 
have drawn attention to the association of ocular and other developmental 
anomalies in man with certain virus infections of the mother during early 
pregnancy, but there was no clinical evidence of a virus infection during 
pregnancy in these dog cases and no defects of the heart wall or of the hard 
palate were found in the case coming to autopsy, although one litter-mate did 
have a cleft palate. On the whole the familial incidence would suggest that 
acquired environmental factors were of less importance than hereditary ones, 
although the data are insufficient to establish the genetic basis of the syndrome. 


There are other reports of congenital disorders of the optic pathways of 
the dog which indicate that this part of the dog’s nervous system is especially 
liable to developmental abnormalities. Saunders (1952) described a syndrome 
of congenital hypoplasia and aplasia of the optic nerve in a litter of Collies, 
the offspring of a primipara, in which the inter-osseous and orbital portions 
of the optic nerve were much thinned or even absent, but not always sym- 
metrically on both sides. The optic papilla:was small in several eyes and there 
was a degeneration of the ganglion cell and optic nerve fibre layers of the retina, 
while the inner layers were said to be normal. Unfortunately the eyes were 
fixed some time after death and the sections of retina show the stigmata 
typical of severe post-mortem change (Parry, 1953a). It is difficult therefore 
to make any detailed comparison between the retinal lesions in Saunders’ 
cases and that reported in this paper, particularly as his details of the visual 
defect and the extent of the retinal lesion are incomplete. However, since 
in his cases the intra-cranial optic nerves and the optic chiasma were present 
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although somewhat smaller than normal, the lesion in the optic nerves must 
have been due, at least in part, to a degeneration occurring after the optic 
nerve fibres had grown out and reached the brain-stem rather than to simple 
aplasia or hypoplasia of development as suggested by Saunders. True, the 
optic papillae were small in several of the eyes he examined, and in one no 
nerve could be found penetrating the sclera, but in these cases the central 
' portions of the optic nerves were present and were larger than the peripheral 
portions. The use of smallness of the optic papilla as a diagnostic criterion 
whereby one can distinguish between hypoplasia and aplasia of the optic 
nerve on the one hand and degeneration and atrophy on the other, would seem 
unreliable in these congenital anomalies. The precise relationship of this 
syndrome in Collies to the one reported here in Cocker Spaniels must remain 
unsettled for the present; if they are similar in pathogenesis, the degeneration 
in the Collies must either have commenced earlier in intra-uterine life or have 
proceeded more rapidly once it began. The data are insufficient to decide 
whether in the Collies the optic nerve degeneration is primary or whether it is 
secondary to degeneration of the third-order neurones of the retina. 

Cases of congenital hypoplasia and aplasia of the optic nerve in man have 
been reported by Jerome and Forster (1948) and Scheie and Adler (1941) 
respectively. These authors, who added three new cases to the five in the 
literature, relied on the smallness and pallor of the papilla in life as the diag- 
nostic criterion of hypoplasia and they considered that their cases were prob- 
ably due to failure of development of the optic nerve at the 17-25 mm. stage 
of embryonic life (Mann, 1949). However, in the light of our further consider- 


ation of the syndrome in Collie dogs, it would seem unwise to rely too heavily 
on these signs as a diagnostic criterion of hypoplasia and failure of develop- 
ment of the optic nerve without anatomical evidence that the central portions 
of the optic tracts are reduced in size to the same extent as the papilla. It 
seems not unlikely that some of these human cases may represent a degener- 
ation of the optic nerve fibres in the retina and more peripheral portion of 
the optic nerve similar to that encountered in the dog. 


Summary 
(1) A series of eight cases of non-progressive, probably congenital, degener- 
ation of the central retina with anomalies of the lens in a family of Cocker 
Spaniel dogs is described. Four cases have been examined clinically and one 
pathologically. : 


(2) Affected dogs have a central scotoma from infancy and three of the four 
cases examined had suture cataracts of the foetal nucleus of the lens. 
Peripheral vision by day and night is apparently normal and is retained at 
least until middle age. 


(3) The scotoma is due to a degeneration of the optic nerve fibre and gan- 
glion cell layers of the central fundus. These layers of the peripheral fundus 
and the outer layers of the whole retina are normal. 
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(4) The pathogenesis of the degeneration is discussed and it is suggested that 
the syndrome may be due to a disturbance operating during the later part of 
foetal life. 

(5) The possible relationship of the dog syndrome to hypoplasia of the optic 
nerve in man is considered. 


My thanks are due to Dr. Katharine Tansley who has kindly read the manuscript and to the 
owners of the dogs for their cooperation. 
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EFFECT OF COCARBOXYLASE ON THE DEVELOPMENT 
OF GALACTOSE CATARACT IN RATS* 


BY 


R. VAN HEYNINGEN, A. PIRIE, anp J. BLACKWELL 
Nuffield Laboratory of Ophthalmology, University of Oxford 


HORMANN (1954) reported that regular subcutaneous injections of cocarboxy- 
lase (vitamin B, pyrophosphate) prevented the development of galactose 
cataract in young rats. He fed 70 per cent. of the diet as lactose or 30 per 
cent. as galactose. The diet of 70 per cent. lactose was toxic and the rats 
died before cataract occurred, although histologically early lens changes 
were detectable. Three litters of rats were fed 30 per cent. galactose and in 
two of them all the rats had complete lens opacities in 45-58 days. In the 
third litter, which was from one of the rats showing galactose cataract, the 
lens opacities were less severe. 

Five rats fed 30 per cent. galactose and given injections of cocarboxylase 
showed minimal lens changes that disappeared when the dose of cocarboxy- 
lase was increased; five rats fed 70 per cent. lactose, and also given cocar- 
boxylase not only showed no cataract but also survived for the 100 days of 
the experiment, in contrast to the rats fed 70 per cent. lactose, without 
cocarboxylase which died within 12-14 days. 

Cocarboxylase is a coenzyme for the oxidation of pyruvic acid by animal 
tissues, and is therefore a vital link in the chain of reactions through which 
glucose is oxidized. Hérmann’s results appeared so interesting and important 
that we undertook a small scale repetition of his experiment, but unfortunately 
we have been unable to confirm his results. 


Methods 


Apart from three modifications which will be described, we followed Hérmann’s 
technique and diet exactly. Weanling albino rats (33-50 g.) were used. These 
were housed in individual cages on wire mesh screens. 

Diet 

30 per cent. galactose 
15 per cent. casein (fat and vitamin free) 
40 per cent. oatmeal 

9 per cent. olive oil 

2 per cent. liver oil 

4 per cent. salt mixture 

Water ad lib. 


*Received for publication September 23, 1954. 
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Each rat also received 0-5 g. dried yeast and 5 drops liver oil daily. 


Cocarboxylase.—Berolaset was used. 
Modifications of Hormann’s Technique 


(1) Instead of comparing one litter with another we made up two groups of six 
rats, three from each of two litters. The groups were as equal as possible as 
regards sex and initial weight. 


(2) The rats were fed by the paired feeding method. Group I was at first given 
the diet plus subcutaneous injections of 5 mg. cocarboxylase every fourth day. The 
dose was later increased to 10 mg. every fourth day, according to Hérmann’s 
procedure. Group II was given the diet alone, each rat receiving only as much 
food as its opposite number in Group I had eaten the previous day. 

In this way we hoped to eliminate differences due to litter, sex, and appetite. 
The rats grew well (2-3 g./day) in both groups. 


(3) After the first few days it was discovered that the oatmeal (porridge oats, 
coarse ground) was being picked out from the diet by most of the rats, while a few 
were discarding the oatmeal in favour of the rest of the'diet. A more finely ground 
preparation of oatmeal (medium ground) was therefore substituted on the sixth 
day and used for the rest of the experiment. The rats were unable to pick out 
their favourite food from the resulting mixture and it was thus assured that galactose 
formed 30 per cent. of the food eaten. In Hérmann’s experiment the fact that 
“*haferflocken” (oatflakes) was used makes it reasonably certain that this condition 
was not fulfilled and that the rats were able to discriminate between oatflakes and 
the rest of the diet. This, together with the fact that the rats were not pair fed, 


makes it likely that the absolute and relative amounts of galactose in the food 
eaten varied considerably from day to day and from rat to rat. 


Estimation of Galactose and Glucose.—Galactose plus glucose was estimated 
by the method of Nelson (1944), and galactose alone by the same method after 
glucose had been removed by fermentation with yeast. 


Results 


Lens changes were examined by the slit lamp, and sometimes the ophthal- 
moscope and loupe, after dilatation of the pupil with 0-2 per cent. atropine. 
The eyes were examined every 2 to 3 days at first and later about every 5 days. 

All the rats showed lens changes at the equator 10 or 12 days after the start 
of the experiment. No changes were visible at 7 days and there was no 
difference between the two groups. 

The opacities developed quite rapidly and followed the usual pattern 
(Bellows, 1944). The first complete opacities (dense white lens) appeared 
after 30 days and all except one of the rats had opaque lenses by the 73rd day. 
In four pairs the cocarboxylase-treated rat developed opaque lenses later than 
the untreated control; in one pair there was no difference, and in one pair 
the lens of the treated rat became opaque first. There was no sex difference 
in the onset of opacity. The results are set out in Table I (opposite). 


a 





+ Prepared by Roche Products Ltd. 
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TABLE I 


TIME OF DEVELOPMENT OF GALACTOSE CATARACT 





Days on diet 


| Difference between Time of 
Complete Opacity in Cocarb- 





First Change seen Lens Opaque to oxylase-treated rats and in 
in Lens | Naked Eye Controls (days) 





10 59 


10 


+ 29 





10 
10 


+ 21 





12 
10 


<+ 24 





10 


—_ 





10 


| 
| 
| 
12 | 
| 
10 | 


—A okt Ow con ~~ 


— 


= 7 





12 | 
10 | 


— 
NO 


+14 





. + One lens opaque, the other very bad. 


Rats No. 1-6 were injected with cocarboxylase. 


Rats No. 7-12 were pair-fed controls. 


The delay in reaching full cataract visible to the naked eye in four of the 
six cocarboxylase-treated rats does not seem significant, since the lenses of 
all of them were very abnormal with large vacuoles in the anterior cortex 
and with posterior opacities. In this experiment therefore cocarboxylase 
did not, in our view, exert any appreciable influence on the initial appearance 
of galactose cataract or on the course of opacity formation. 


Galactose in the Lens.—There is very little information about galactose in 


TABLE II 


PENETRATION OF GALACTOSE INTO 
CALF LENS IN VITRO 





Time of Incubation Lens Galactose 
(hrs) | (mg./100 g. wet wt) 
| 
| 
| 


Calf lenses (weight approx. 1 g.) were incubated at 37°C. 
in open tubes in 10-ml. Krebs ringer phosphate containing 
100 mg. per cent. glucose and 210 mg. per cent. galactose. 
They were removed after different time intervals and analysed 
for galactose. 
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the lenses of galactose-fed rats, 
though it is well known that their 
blood and aqueous humour con- 
tain a high concentration of 
galactose. Sasaki(1938) measured 
the total reducing sugar (glucose 
plus galactose) and deduced that 
galactose probably did not enter 
the rat lens in vivo. Ross (1953) 
showed that galactose did not 
enter the decapsulated rabbit lens 
in vitro. We have found that 
galactose does to some extent 
penetrate the intact calf lens in 
vitro. Table II shows that after 
the first few hours, the penetration 
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from a fluid containing 210 mg. galactose/100 ml. stopped at about 
30-50 mg. galactose/100 g. lens. 


The few figures we were able to obtain on the galactose and glucose con- 
centration in the severely cataractous lens of galactose-fed rats are given in 
Table III. There was not sufficient material for duplicate determinations. 
The most we can say is that some galactose penetrated into rat lenses made 
cataractous by feeding galactose, but that it did not reach a high 


concentration. 


TABLE III 
GALACTOSE AND GLUCOSE IN CATARACTOUS LENSES OF GALACTOSE-FED RATS 





Pooled Lenses Lens (mg./100g. wet wt.) | Aqueous Humour 
\ (mg./100 ml.) 








[ ee aie ee 
] } = 31 





No. of Rats Group* Glucose Galactose Glucose | Galactose 
] 
| 
| 





i 31 31 
Il cand 35 








*Group I injected with cocarboxylase; Group II pair-fed controls. 


Summary 


The finding that regular subcutaneous injections of cocarboxylase prevented 
the development of galactose cataract in young rats (Hérmann, 1954) has 
not been confirmed. 

Galactose penetrates to some extent into the normal calf lens in vitro and 
into the cataractous rat lens in vivo. 


We wish to thank Roche Products Ltd. for a gift of cocarboxylase. 
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CASE NOTES 


MULTIPLE MYELOMATOSIS WITH PROPTOSIS* 


BY 
A. HANDOUSA 


Cairo, Egypt 


MULTIPLE myelomata are uncommon endosteal tumours developing from 
the myeloblastic elements of the bone marrow. The ribs, sternum, clavicle, 
vertebral bodies, and pelvis are favourite sites; the skull is also frequently 
involved and the long bones may be affected, but never alone (Perkins, 1936). 


The disease has an insidious onset and is often only recognized late when mul- 


tiple nodules appear or a spontaneous fracture of one of the long bones takes 
place, The orbital wall is sometimes an early site, the patient seeks medical 


advice for the ensuing proptosis. 


Case Report 


A female aged 50 was referred to me by Prof. Attiah in February, 1953, with right-sided 
proptosis of 2 months’ duration. The condition developed very quickly, starting with pain 
above the right eye, followed in few days by failing vision, oedema, chemosis, and proptosis. 
The pain disappeared in 2 weeks but the other manifestations persisted, and the right 


vision was soon completely lost. 
There was no fever, and no history of trauma, syphilis, or tuberculosis. 


General Examination —No swellings in the vault of the skull or other part of the body. 
No detectable abnormality in the heart or lungs. Nose and ears within normal limits. 


Pyorrhoea alveolaris present. 


Ophthalmic Examination.—The right eye showed severe chemosis and oedema of the 
conjunctiva and lids, particularly the lower lid which was everted (Fig. 1). The globe was 
proptosed forwards downwards 
and inwards, and ocular movements 
were limited upwards and out- 
wards. The cornea was hazy, the 
pupil was normal in size but did not 
react to light, and the fundus could 
not be seen. The eye was com- 
pletely blind. The outer part of 
the supra-orbital margin was the 
seat of a visible and palpable bony 
hard swelling which extended to the 
right temporal fossa. This swelling 
was not tender on pressure. 
The left eye appeared to be 


Fic. 1.—Right proptosis, secondary to multiple  "ormal; the vision was 6/36, and 
myelomatosis. the fundus was normal. 
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The exophthalmic measurements were 27 right, and 15 left. 


Laboratory Findings.—Wasserman reaction: negative. Red blood cells 4,920,000, 
haemoglobin 96 per cent., platelets 349,000 per c.mm., white blood cells 9,800 per c.mm., 
eosinophils 2 per cent., staff nucleated 5 per cent., segmented 60 per cent., lymphocytes 
30 per cent., monocytes 3 per cent., myeloma cells, nil. Total serum protein 10-15 g., per 
cent., albumin 3-86 g., globulin 6-29 g., albumin/globulin ratio 0-59: 1, calcium 9-2 m. 
per cent., phosphorus 6-8 per cent., alkaline phosphatase 9-25 King and Armstrong 
units, formol gel reaction positive. 


Urine Bence-Jones proteose positive. 


Marrow (sternum) total count 127,800, basophils 0-0 per cent., eosinophils 0-4 per cent., 
juveniles 0-8 per cent., segmented 1-2 per cent., lymphoctyes 1-6 per cent., normoblasts 
1-2 per cent., myeloma cells 94-8 per cent. 

Marrow (iliac crest) total count 49,600, basophils 2-0 per cent., eosinophils 2:0 per 
cent., myeloblasts 0-0 per cent., promyelocytes 1-2 per cent., myelocytes 2-8 per cent., 
juveniles 10-0 per cent., staff nucleated 4-2 per cent., segmented 11-2 per cent., lympho- 
cytes 11-6 per cent., normoblasts 13-2 per cent., myeloma cells 41-8 per cent. 


Radiological Examination.—The cranium as a whole is riddled with radiolucent areas, 
having a fairly well-defined outline; some have become confluent with each other, 
suggesting multiple myelomatosis (Figs 2 and 3). 


Fics 2 and 3.—Radiolucent areas in skull, characteristic of multiple myelomatosis. 


The sternum, ribs, and pelvic bones, and the rest of the skeleton show no abnormality. 

The lung fields show no abnormality. 

Exploration of the swelling related to the orbit revealed a bone cavity full of reddish 
gelatinous material. A piece was removed and histologically examined by Prof. M. 
Hashem who made a diagnosis of plasma cell myeloma (Fig. 4). 


Comment 


The typical radiological manifestations in the skull bones and the positive labor- 
atory tests, particularly the Bence-Jones reaction in the urine, strongly suggested 
the diagnosis of multiple myelomatosis. This was confirmed by histological study 
of the mass in the orbital rim. 

The patient was of the usual age (50 yrs) at which these cases occur but was not 
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anaemic (haemoglobin 86 
per cent.). The bone mani- 
festations were limited to 
the skull and there were 
no pulmonary changes or 
gastro-intestinal trouble. 
This indicates that the case 
was seen at a comparatively 
early stage. Patients suffer- 
ing from multiple myeloma- 
tosis are usually first segn 
with multiple bony tumours 
arising in different parts of 
the body and are much more 
anaemic than in this case. 

The myeloma mass causing 
the proptosis developed in 
the upper and outer quad- 
rant of the orbit, which is 
not the usual site. Duke- 
Elder (1952) states that such 
masses are most often seen 
in the upper and inner angle. 

This disease is considered 
to be malignant, and according to Perkins (1936), all patients usually die within 
2 years from cachexia or anaemia. 


Fic. 4.—Photomicrograph of histological appearance of 
section showing abundance of plasma cells. 400. 


The right proptosis which caused this patient to seek advice was due to the 
myeloma mass developing in the wall of the orbit. This was painful to start with, 
but in 2 weeks the pain disappeared. The pain may have been due to an attack: of 
haemorrhage in the developing mass. 


I wish to thank Prof. Attiah, Professor of Ophthalmology, Cairo University, for referring the 
case, Prof. Hashem for the interest he has taken in the histological examination, Dr. Marey and 
Dr. Mahmoud El-Sayed for the radiological studies, and Dr. S. Dewi for the laboratory tests. 
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CONGENITAL ECTODERMAL DYSPLASIA* 
BY 


IRENE D. R. GREGORY 
London 


THREE cases of congenital ectodermal dysplasia have been encountered in 
schools for partially sighted children in the London area. The features of 
this syndrome are widespread and include the following: 

Scarcity of hair growth, which is most conspicuous on the scalp; 

Abnormality or absence of the teeth and nails; 

Absence of the mucous glands of the nose leading to chronic rhinitis, and dry- 


ness of the skin; 
Skeletal abnormalities, including depression of the bridge of the nose and 


underdevelopment of the lower jaw. 

The ocular defects associated with the condition are congenital cataracts, 
which were originally present in two of these cases, and were removed by 
needlings. In the other case chorioretinal disturbances are present. 

Two out of the three cases are females, which is unusual, since it is rare 
for females to be severely affected by this disorder. 


Fic. 1.—Case 1, profile. 
*Received for publication September 9, 1954, 
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The title given to the disorder is not entirely satisfactory since some tissues 
of mesodermal origin are involved. 

The three cases reported below have the following features in common: 
fair, dry skin, scanty fair hair, blue eyes, and retarded skeletal growth. There 
was no consanguinity and no other members of the families were found to 
be affected. 

The disorder has been considered to be due to a genetic anomaly. The 
mode of inheritance was considered by Cockayne (1933) to be of two types: 
sex-linked recessive and dominant. Halperin and Curtis (1942) considered 
the condition to be due to a sex-linked recessive gene with variable expression. 
Spira (1947) considered the condition to be a manifestation of chronic 
fluorine poisoning; the addition of fluorides to drinking water as a measure 
to reduce the incidence of dental caries is of interest in this connection. 


Case Reports 
(1) A female, aged 7 years, is the youngest of three children, the others being normal 
in all respects. Her general physique is poor and her height 3 ft. 10 in., a low average 
for her age. Her intelligence and character are well above average. There is very scanty 
scalp hair, which, where present, is fair in colour. The eyebrows are absent. The skin 
is smooth but dry and a chronic rhinitis is present. The nails are normal. The lower 
jaw is extremely ill-developed (Fig. 1), and the teeth though numerous are dwarfed, 


Fic. 2.—Case 2, syndactyly and 
alopecia. 
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whilst the fontanelle is still not closed. This latter abnormality makes it necessary to 
exercise considerable care to avoid injuries to her head, as even ordinary falls are liable to 
give rise to moderately severe circulatory disturbance. 

Both eyes are aphakic, as the result of needlings for congenital cataract. Vision in 
the right eye is perception of light only and in the left eye 6/36 with + 8 D sph./+ 2:5 
D/cyl. axis 90°. Good gaps in the capsule allow adequate fundus examination, which 
fails to reveal any cause for the poor acuity in the right eye, which admittedly is slightly 
convergent. 


(2) A female, aged 10 years, is an only child. She is stockily built, height 3 ft. 114 in., 
well below the average for her age. She walks with a limp, a legacy of Perthe’s disease of 
the right hip, and her hands, but not her feet, show partial syndactyly (Fig. 2, previous 
page). 

The nails arenormal. The skinis dry and rough. The scalp hair is fair and scanty with 
a bald patch over the vertex. Her intelligence appears of low average. Both eyes are 
aphakic, having been operated on for cataracts, and there is a good view through gaps in 
the lens capsule of both fundi, which appear normal. Vision in the right eye is amblyopic, 
only finger counting, whilst in the left eye the visual acuity is 6/60 with + 10 D sph. 


(3) A male, aged 9 years, is the third of a family of four children. The parents are not 
consanguineous and the other members of the family do not show any similar defect. In 
general appearance the boy shows a marked resemblance to Case 2. His general develop- 
ment is very retarded, height 3 ft. 6 in., compared with the average of 4 ft. 2 in. for a child 
of that age. 
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His hair and complexion are fair (Fig. 3). The skin is dry; he sweats very little and his 
mother reported that he has always been very sensitive to cold. Progress in walking and 
talking was slow compared with that of the other children in the family. 

The eyelashes show pili torti, being extremely long and curved. 

The vision is 6/60 in each eye with correction: 

pn ee L —3-5/-4 D/cyl. 
—2°5 D/cyl. a 180°. 
+>axis 180°. 

The lenses are clear. The fundi show patches of chorioretinal atrophy (Fig. 4), mostly 
confined to the central areas, the edges being ill-defined, with a few patches at the peri- 
phery. 


se Fic: 4.—Case 3, left fundus. The right fundus presented a similar appearance. 


Records show that tests for toxoplasmosis carried out in 1950 were found to be negative. 
The Wassermann reaction is negative. The lesions are not so clear-cut as in the typical 
‘colobomatous’ type of defect found in toxoplasmosis. The child’s mother is also 
moderately myopic. 


REFERENCES 
HALPERIN, S. L., and Curtis, G. M. (1942). Amer. J. ment. Defic., 46, 459. 
CocKAYneE, E. A. (1933). ‘‘ Inherited Abnormalities of the Skin and Its Appendages”’. Oxford 
University Press, London. 
SprrA, L. (1947). Acta. med. scand., 127, 570. 





Brit. J. Ophthal. (1955) 39, 48. 


UNUSUAL CASE OF MYASTHENIA GRAVIS* 
BY 
IVOR LLOYD 
Bradford 


THE various manifestations of myasthenia gravis are numerous and the 
present article is intended merely to record an unusual example of the disease. 
The case described presented two notable features: 


(1) the length of time the disease had been present, the clinical signs being 
localized to the region of the eyes; 


(2) the great disability arising from the ocular abnormalities. 


Case Report 


A man aged 55 began to notice vertical diplopia 20 years ago. The muscle imbalance 
was very slight at first, and gradually became more pronounced. He was given prisms 
which gave temporary relief, but eventually the ocular imbalance became so great and 
varied in degree and type that prisms were of no assistance. Of recent years he had had 
great difficulty in carrying on his occupation, and driving a car had become almost 
impossible. He was a prominent business executive, and the eye trouble had almost 
forced him to the point of retiring; also, although he was not an introspective individual, 
the cosmetic effect of the eye lesions had caused him embarrassment at business meetings. 


Examination.—In February, 1954, he was found to have ptosis of the left upper lid 
varying in amount from 30-80 per cent., and he said that the position of the lid varied 
according to the time of the day and whether he was tired or not. There was deficient 
elevation of both eyes, when working individually, that is with the other occluded, and 
when moving together. In fact, one could say there was no sursumduction at all, and the 
patient had to move his head to compensate for this defect. There was complete paralysis 
of both external rectus muscles; in the past the left eye had been more affected than the 
right, but now he could not move either eye outwards, and this necessitated moving his 
head sideways to see laterally and avoid diplopia. Diplopia both horizontal and vertical 
was, however, almost always present, and was so variable that accurate measurements could 
not be made. There was’a marked esophoria and a left hyperphoria whether fixing the 
right or the left eye, but this did not remain constant, and tended to vary on looking 
upwards or downwards. The eye could not move in the direction of the paralysed muscle, 
so that the vertical imbalance at the extreme lateral position could not be measured. 
There was a refractive error, and this on correction gave normal vision. Presbyopia was 
normal for his age. No other abnormalities were discovered in the eyes, the pupil and 
ciliary functions being normal There was no other sign of neurological disorder. Blood 
pressure was 150/90. The urine did not contain sugar or albumin. The Kahn test was 
negative. An x ray of skull showed no abnormality. 
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Prostigmine.—In view of the patient’s remark that the eye lesions tended to become worse 
towards evening and when he was tired, a provocative test with prostigmine 1-5 mg. with 
thw gt. atropine was given subcutaneously. Fifteen minutes after the injection an 
improvement in function of the affected muscles could be observed. After thirty minutes 
the patient became somewhat excited as the diplopia began to pass off, and after one hour 
more or less complete recovery was obtained although, naturally, ocular movements were 
a little sluggish. It must have been somewhat of a shock after 20 years of disability to 
find that his troubles had resolved so quickly. The effects of the injection lasted for some 
hours, and even next morning a trace of benefit remained. The injection was 
repeated on three consecutive evenings, the response being better each time; after the 
last injection the only abnormality that could be elicited was a very slight ptosis of the 
upper eyelid of the left eye, and the external rectus and vertical muscles appeared to have 
recovered their function. The patient described a feeling of stiffness in the muscles, which 
was only to be expected after such a long period of disuse. 


Therapy.—Having made a provisional diagnosis of myasthenia gravis, regular treatment 
was attempted. He was put on a course of prostigmine bromide tablets (15 mg.) taking 
5 aday. In one month’s time he reported that he had never been so happy for years as 
he could now drive his car and get about normally, with no diplopia whatsoever. Examin- 
ation showed perfectly straight and well-balanced eyes, with no abnormality on the cover 
test, 4 Worth lights, with good binocular vision. A very slight ptosis of the upper eyelid 

‘of the left eye is still discernible on close examination. Side-effects from the prostigmine 
therapy took the form of abdominal colic and a little diarrhoea; these were relieved by a 
belladonna mixture. 


Follow-up.—It was not considered advisable to increase the amount of prostigmine 
given, and he has continued taking it for a further 4 months, with great benefit. The side- 
effects settled down, and he found he could do without the belladonna mixture. 

It is possible that after a prolonged course of prostigmine the dosage may be reduced 
or even discontinued, but at the moment the patient is unwilling to do anything to prejudice 
the benefits obtained,‘and does not find it inconvenient to take prostigmine regularly. 
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INTRA-OCULAR MAGNETIC AIR-GUN SHOT* 


BY 


V. P. S. TOMAR 
Department of Ophthalmology, Royal Infirmary, Sheffield 


Case Report 
History.—A boy, aged 5, was accidentally shot in the left eye by an air-gun on the 
evening of February 3, 1954, and was admitted to hospital under the care of Mr. A. B. 
Nutt. The mother gave the information that the pellet was a round one and of light 
brown colour—probably brass. The gun had been brought over by her husband from 
Canada. 
Examination 
(i) General,—The child was in a state of shock, but well aware of his surroundings and 


answered questions intelligently. No difficulty whatever was experienced in examining 
the child. 


HORIZONTAL 
SECTION 





a7 


Fic. 1.—Left eye, position of intra-ocular 
magnetic air-gun shot. 


(ii) Left Eye—There was a 
multiradiate (4) corneoscleral 
(limbal) wound 2 mm. across 
at 6 o’clock, with complete 
hyphaema. Blood was freely 
oozing from the wound, sug- 
gestive of intra-ocular haem- 
orrhage. 

There was a_ small iris 
prolapse, and a few tags of 
uveal tissue lying free in the 

Fic. 2.—Localization of magnetic air-gun shot in left eye. lower conjunctival fornix. No 

view could be obtained of the 
fundus. The tension was soft and there was no perception of light (Fig. 1). 

X-ray Localization.—A round foreign body 5x 5x5 mm. was lying 1 mm. above the 
horizontal plane of the cornea, 21-5 mm. back from the centre of the cornea, and 1-5 mm. 
to the nasal side of the vertical plane (Fig. 2). 


FRONT VIEW SIDE VIEW 








*Received for publication June 14, 1954. 
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As the eye was badly damaged, with no light perception, and since an eye with a re- 
tained foreign body is potentially dangerous, it was decided to excise it. Magnet ex- 
traction was not attempted, on the well-founded belief that air-gun pellets are made of 


lead, and are therefore non-magnetic. 
The enucleated eye was sectioned with a knife, and a round, light brown shot weighing 


350 mg. was recovered. 
The shot was analysed in the Metallurgical Laboratory of the University of Sheffield, 


and reported to be made of steel, with a thin film of light brown paint, and therefore 


magnetic. 


Comment.—Air-gun pellets vary in shape and size, and are usually made of non-magnetic 
lead. This one was made of steel, but it would not have been possible to save the eye, 


even if the shot had been extracted by magnet. Cases may well occur, however, in which 
the damage done is not so great, and quite apart from retaining the eye, useful vision may 


be achieved as a final result. after extracting the pellet or shot by magnet. This is the 


first case of this nature encountered at this Hospital, and although various authors have 
described the extraction of lead shots and pellets, I could find no mention in the literature 
of an air-gun shot extracted by magnet (see Bibliography). 
As cases of this nature are not uncommon, it is suggested that every case of air-gun 
ope in the eye should first be tried on a magnet, especially if there is a chance of saving 
le eye. 


1 wish to thank Mr. A. B. Nutt for permission to report this case. 
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APPLIANCES 


SIMPLIFIED NEAR POINT RULE* 


BY 


JOHN FOSTER 
Leeds 


' THE measurements of the near point of accommodation which provide to- 
day’s standards were made by Duane (1922) with a Prince’s rule modified by 
cutting a small notch to fit the root of the nose. Although Duane’s point of 
reference was the spectacle plane 13 mm. in front of the cornea, he does not 
say how he achieved accurate alignment with this. 

Pascal (1950) agreed that this plane, or some facial feature in line with it, 
is still the most logical from which to measure the accommodation and 
convergence. Most rules designed since 1922 for measuring the near-point 
of accommodation and convergence, are designed to measure indirectly 
by resting on the brow, the cheek-bone, or the nose. They employ a slider 
to carry the test chart and are of a length and form which make them inferior 
to a tape-measure for the most frequently required accommodation measure- 
ment: the distance from the spectacle plane at which a Jaeger type can be 
read most comfortably. 

In 1951, with aim of reducing wasted movement in the process of refrac- 
tion, adopted a simplified rule designed by Berens (1947) which, although 
it carries a slider, can be used for this particular measurement. The reading 
chart in this case was of a specially reduced form, bearing a selection of 
unconnected words of diminishing size (conforming to the sizes of 24 pt., 
18 pt., 14 pt., 12 pt., 10 pt., 8 pt., 6 pt., and 5 pt. Times roman type, as 
suggested by F. W. Law and accepted by the Council of the Faculty of 
Ophthalmology, 1952, 1953), mounted on the back of a Thorington’s hetero- 
phoria test. After using Berens’s rule for some time, I felt it might be further 
simplified and the following instrument was designed.+ 

Specification A four-sided rod 50 cm. long x 1 cm. square with rounded ends, is 


constructed of Duralumin for lightness; the solid section gives the durability required 
for clinic use. The surface is anodized black, and the zero end and scale figures marked in 





*Received for publication July 9, 1954. 
+This was made for me by Allied Instrument Manufacturers Ltd. 
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silver. The latter, with the exception of those for indicating convergence, are so arranged 
as to be readable whether the observer is seated on the right or the left of the patient. 
Three of the sides are marked conventionally, that is to say in centimetres, dioptres, and 
the equivalent age. The fourth side has markings simi- 
lar to those of the Livingston binocular gauge (—) 
indicating the normal, reduced, and defective zones 
for the near point of objective convergence. ‘The 
rod can be moved from its permanent place on 
the table in front of the trial case with a single 
movement of the hand and arm to measure 
the distance between the spectacle plane and 
the reading test (Figure). When used for 
measurement of convergence the rod is 
placed at the root of the nose, a small 
bright object being brought near to 
the eyes under the rod until the eye 
diverges. The design aims at 
absolute simplicity and _light- 
ness. As Ollyett said in Kip- 
ling’s The Village that voted 
the Earth was Flat: “‘ The 
secret of power is not 
the big stick, it’s the 
liftable stick ”’. 
Those who prefer 
to use a slider rather 
than a Jaeger type 
with the rule described 
above, can easily at- 
tach to the rule a 
FiGure.—The rule in use. slider carrying a 
double-sided card— 
one side bearing words similar to those described above for the near vision test, plus a 
small fine straight line for Duane’s test for accommodation, and the other side bearing 
a thicker vertical black line for tests of objective convergence. 
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MEASURING STRABISMUS HOOKS* 


BY 


ALLEN B. MOFFATT 
Southampton 


Many surgeons find it helpful to employ systematically definite measurements 
of the amount of recession or resection of muscles in squint operations. This 
is usually accomplished by means of calipers and their use is not difficult. 
Two facts have struck me in using this method over a number of years. The 
first is that it is sometimes a little difficult to determine the precise position 
at the insertion of the muscle from which to start the measurement. This may 
lead, among other things, to a slight asymmetry of the marks, which is 
important when measuring in millimetres. The second is that the measure- 
ments most generally useful are 5 mm. for recessions and 10 mm. for resec- 
tions. In any case, if these measurements are marked, it is possible to esti- 
mate sufficiently accurately slight modifications, such as a recession of 3 mm. 
or a resection of 7 mm. 

With the object of making such measurements as simply and accurately 
as possible, I have had two instruments made. The hook part of an ordinary 


strabismus hook has been replaced by a thin rectangular plate of steel. In 
both instruments the length of 





this plate is 12 mm. and the 
thickness 24 S.W.G. (-0225 
inch). The depth of the plate is 
5 mm. in one instrument and 
10 mm. in the other (Fig. 1). 











Method of Use.—The muscle is 
isolated in the usual way, using 
an ordinary strabismus hook for 
traction. When a sufficient length 
of the muscle has been isolated, 
the plate of the appropriate measuring strabismus hook is slipped beneath 
the muscle and the ordinary hook is removed. The surface of the plate of the 
measuring strabismus hook should be kept as flat as possible against the sclera. 
By gentle traction on the handle the upper edge of the plate is pulled against the 
insertion of the muscle. The lower edge of the plate will then be exactly 5 or 10 
mm. from the insertion, depending on which instrument is being used. All that is 
now necessary is to mark off the position of this lower edge on the sclera or on the 
muscle itself by any appropriate means. As the plate has been designed to project 
slightly beyond each border of the muscle, this is easily done (Figs 2 and 3). 

The larger measuring strabismus hook has been designed for resections of the 
recti muscles. As such, it will be used usually on the external rectus muscle. 


Fic. 1.—Measuring strabismus hooks. 





*Received for publication August 13, 1954. 
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MEASURING STRABISMUS HOOK 


Fic. 3.—Insertion of sutures for 10-mm. resection of left external rectus muscle. 


Here there is plenty of room and it can be used on children. In adults there is 
usually sufficient room for its use on the internal rectus muscle, but it may not al- 
ways be possible to use it in such cases for children. The smaller measuring 
strabismus hook is designed for recessions and can easily be used on the internal 
recti muscles of children. I have also found that the metal plate of the hook 
isolates the muscle from the surrounding soft tissues and facilitates the insertion 
of sutures into the muscle before the severance of its insertion. 


Bn instruments have been made for me by Messrs Down Bros., and Mayer and Phelps Ltd., 
of London. 
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TONOMETRY 


A NEw CALIBRATION SCALE FOR SCHIOTZ, GRADLE-SCHIOTZ, 
AND MCLEAN TONOMETERS 





Tonometer - Pressure (mm. Hg) according to Load 
Reading 
(Scale Units) | 7: 5g. 








0 ‘ | 58-4 
49-9 
42-9 
36°9 
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THE Committee on Standardization of the American Academy of Ophthalmology 
and Otolaryngology, at its meeting of September 20, 1954, officially approved and 
adopted a new calibration scale for Schiétz, Gradle-Schiétz, and McLean tono- 
meters. The new scale, referred to hereafter as the 1954 scale, is based on extensive 
measurements by Friedenwald and Grant. It yields intra-ocular pressure esti- 
mates in approximate agreement with the Schidtz scale of 1909, and somewhat 
lower than the Schidtz scale of 1924 and the Committee’s scale of 1948. The data 
on which the new scale is based are published in the Decennial Report of the 
Committee on Standardization of Tonometers of the American Academy of 
Ophthalmology and Otolaryngology. The Committee believes that the new 
calibration scale is considerably more accurate than those previously in use. 


It is important to realize that the clinical significance of the TONOMETER 
SCALE READINGS is in no way changed by this new and more correct estimate 
of what a given scale reading means in millimetres of mercury. For example, the 
average scale reading on normal eyes with the standard Schidtz tonometer is 
generally found to lie between 5 and 6 scale units with the 5-5 g. load. This is 
still the average normal reading, but the new calibration scale indicates that this 
average normal reading corresponds to 15 to 18 mm. Hg, that is to values con- 
siderably lower than was previously thought. 
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Similarly, a scale reading of 3 units or less with the 5-5 weight has previously 
been regarded as suspicious of glaucoma and this remains true. This concept 
has previously been expressed in terms of “ the upper limit of normal”. More 
precisely it may be stated that scale readings of 3 or less with the 5-5 g. weight are 
rarely obtained in normal eyes. The new calibration scale translates this statement 
into: 

Intra-ocular pressures higher than 25 mm. Hg on the new scale are rarely encountered 
in normal eyes. 


The chart shown above refers to the standard Schiétz instrument with concave 
plunger base. Charts for the Gradle-Schidtz and McLean tonometers may be 
obtained from the respective manufacturers. 


The Committee hereby officially recommends the adoption of the 1954 scale. 


BOOK REVIEW 


Review of Miner’s Nystagmus (Nachlese auf dem Gebiete des Augenzitterns der Berg- 
leute). By J. OHM (1954). Pp. 150, 182 figs. Enke, Stuttgart. (DM 40; 70s.). 
This short monograph is a résumé of the work of Johannes Ohm on which he has been 
engaged since 1908, on the subject of miners’ nystagmus. The general approach to the 
subject is the study of a vast number of. nystagmograms, and the general conclusion is 
that these records are essentially muscular encephalograms; the disease is not simple and 
localized, but an expression of visual, auditory, and psychological disturbances. 


NOTES 


STATUTES OF THE INTERNATIONAL FEDERATION OF OPHTHALMOLOGICAL 
SOCIETIES AND THE INTERNATIONAL COUNCIL OF OPHTHALMOLOGY 


These Statutes were provisionally adopted at the meeting of the Federation in 
Montreal in 1954, and will remain in force until they are finally accepted or amended 
by the meeting of the Federation in Brussels in 1958. 


International Federation of Ophthalmological Societies 


Article I—The aim of the International Federation of Ophthalmological Societies 
(hereinafter called the ‘‘ Federation ”’) is to promote the science of ophthalmology among 
all peoples and nations, and in furtherance of this to ensure permanent co-operation 
between representative ophthalmological societies of different countries and with their 
governments and the various international bodies concerned with the organization of 
educational, scientific, and cultural matters. For these purposes it shall elect, through its 
members, the International Council of Ophthalmology which shall act as its executive 
body. 
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Article 1I1.—An ophthalmological society recognized as having a national status by the 
ophthalmologists of that country shall be entitled to join the Federation as an Affiliated 
Society subject to the approval of the International Council, provided it has paid its due 


subscription. 


Article III.—Each society joining the Federation shall appoint one of its members as 
delegate who shall hold office during the interim between two international congresses, 
unless a reappointment is made by his society. Any change in the delegate should be 
notified to the secretary of the council immediately. The name of the delegate to attend 
the meeting of the Federation shall be confirmed to the secretary of the council at least 
6 months before each international congress. 

In the event of one country (together with its colonies, dependencies and trusteeship 
territories) having more than one society affiliated to the Federation and thus being 
represented thereon by more than one delegate, only one of these, to be chosen among 
themselves, shall have voting powers. 


Article IV.—At each international congress these delegates shall sit with the members 
of the International Council to form a joint meeting to transact the business of the 
Federation and elect new members to the council. The president of the council shall be 
the chairman of this joint meeting. 

All members of both bodies shall have equal voting powers and the chairman shall 


have a casting vote. 
Article. V.—The further duties of a delegate shall be: 


(a) To act as a liaison officer between the International Council and his society in 
the interval between two international congresses. 

(b) To supply the secretary of the International Council, at least one year before each 
international congress, with the names and addresses of the oculists of his country 
and such other matters as are required for the Index Ophthalmologicus. 


(c) To be responsible for collecting and forwarding the annual subscription of his 
society to the treasurer of the International Council. 


Article VI—The subscription of each affiliated society shall be proportional to the 
number of its national members, the amount being determined at the joint meeting of the 
Federation and Council to be held during each international congress. The subscription 
shali remain unchanged in the years between two congresses unless the International 
Council finds that unforeseen circumstances make other financial arrangements necessary. 
The annual subscription is due in advance on January Ist of each year. Any society not 
up to date with its subscription shall, ipso facto, but without prejudice to its liability to 
the Federation, cease to be an affiliated society and to participate through its delegate 
in the activities of the Federation, unless the Council is satisfied that reason for its default 


is unavoidable. . 


Article VII.—Joint meetings of the Federation and Council shall be conducted in the 
administrative languages agreed for the particular congress at which the meetings are 
held, but speakers, whether making propositions or participating in discussions, may use 
the language they prefer. 


Article Vill—Amendments and additions to these statutes shall be valid only if they 
are recommended at least 6 months in advance by the International Council (a majority 
of two-thirds in that body being necessary) or by four delegates of the Federation whose 
appointments have been confirmed to the secretary of the Council as in Article III, and 
if they are accepted by a majority of two-thirds at the joint meeting of the Council and 
Federation. Such amendments shall be distributed 5 months in advance to the delegates. 





NOTES 59 


International Council of Ophthalmology 


Article I—The International Council of Ophthalmology (hereinafter known as the 
“ Council ”’) shall consider and, if deemed advisable, implement recommendations of the 
International Federation of Ophthalmology, promote international co-operation in all 
matters pertaining to ophthalmology, initiate and supervise arrangements for periodical 
international congresses and maintain an Index Ophthalmologicus of ophthalmologists 
and ophthalmological institutions throughout the world. 


Article II.—A new council shall assume office one year after the conclusion of each 
international congress and shall consist of: 
(1) Ex-officio members: 


(i) President of the Council. 

(ii) Vice-President of the Council. 

(iii) Secretary of the Council. 

(iv) Treasurer of the Council. 

(v) President of the Association for the Prevention of Blindness. 
(vi) President of the Organization against Trachoma. 
(vii) President of the Pan-American Association of Ophthalmology. 
viii) Immediate Past-President of the Council. 

(ix) Immediate Past-Secretary of the Council. 

(x) Retiring President of the previous Congress. 

(xi) President-elect of the forthcoming Congress. 


(2) Ten ordinary members. 
(3) Any honorary life member(s) which the Council may from time to time determine to 


elect. 


Article I1I.—Of the ex-officio members, the President, Vice-President, Secretary, and 
Treasurer shall be elected (or re-elected) by the joint meeting of the Federation and Council 
at each international congress; they need not be chosen from the delegates of the Feder- 
ation or the members of the Council. The number of the ex-officio members may be 
less than ten if one or more councillors serve in more than one capacity. The immediate 
Past-President and Past-Secretary of the Council shall remain members of the Council 


until the next congress. 


Article IV.—Of the ten ordinary members, the five who have been longest in office 
shall retire after each international congress and sha!l be replaced by new members elected 
by the joint meeting of the Federation and Council. In cases of equality of tenure the 
retiring member or members shall be determined by casting lots. 

If any councillor is absent from any two consecutive ordinary meetings, unless in extra- 
ordinary circumstances, he shall be considered as having resigned. 

Any vacancy in the Council occurring in the intervening years between congresses shall 
be filled by the Council, the appointment being held temporarily until the next session 
of the Federation, whereat these appointments shall be confirmed or new members elected 
in their place. In such cases the councillor thus appointed shall be deemed to carry the 
seniority of the member he replaced in deciding length of tenure of office. 


Article V—No one shall be eligible for election to the Council unless he belong to a 
society affiliated to the Federation and honouring its annual subscription, unless the 
reasons for the society’s default are acceptable to the Council. Nominations by affiliated 
societies for such appointments should be sent to the Secretary of the Council 6 months 
before the appropriate meeting of the Federation. No country, together with its colonies, 
dependencies and trusteeship territories, shall be represented by more than one ordinary 
member of Council. 

Article VI.—Sessions of the Council shall be directed in such languages as appear 


necessary to the president for the convenience of members of the Council, but councillors 
may use any language they choose in making propositions and taking part in discussions. 
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Article VII.—The president shall have the power to decide what business may be 
transacted by correspondence between meetings of the Council. 


Article VIII—The aim of the Council shall be to arrange for the issue of a new edition 


of the Index Ophthalmologicus at each international congress at a price or prices to be 
determined from time to time by the Council. 


Article [X.—The Secretary of the Council shall supply the delegates with copies of the 
minutes of the meetings of the Council and the Federation. 


Article X.—Amendments and additions to these statutes shall be valid only if they are 
recommended at least 6 months in advance by the International Council (a majority of 
two-thirds in that body being necessary) or by four delegates of the Federation whose 
appointments have been confirmed to the Secretary of the Council as in Article III, and 
if they are accepted by a majority of two-thirds at the joint meeting of the Council and 
Federation. Such amendments shall be distributed 5 months in advance to the delegates, 


XVII INTERNATIONAL CONGRESS OF OPHTHALMOLOGY, 1954 


From the ceremonial opening at the University of Montreal on September 10 to the 
closing ceremony in the Grand Ballroom of the Waldorf-Astoria Hotel, New York, on 
September 17, the days passed in far too rapid succession. Indeed the congress was so 
rich in scientific material that a whole month would hardly have enabled any one to 
survey all the worthwhile contributions, Moreover this congress was preceded by a 
scientific meeting of the Canadian Ophthalmological Society in Montreal on September 9, 
and was followed by the 59th Annual Session of the American Academy of Ophthalmology 
and Otolaryngology in New York. Many of the congressists were pleased to avail 
themselves of the useful sequence, which gave them a whole fortnight of meetings. 


Dr. Bernard Samuels of New York, who presided over the congress, welcomed the 
delegates. Al this opening ceremony the Gonin Medal was presented to Sir Stewart Duke- 
Elder in recognition of his outstanding services to ophthalmology. Sir Stewart then gave 
a Stimulating address as President of the International Council of Ophthalmology. 
Representatives from each continent also spoke. 

Since more than 200 Papers were delivered, it was impossible to hear them all. During 
many of the sessions papers were being simultaneously given in three different rooms. 
Then again, there were innumerable other items competing for attention, e.g., scientific 
and technical exhibits, cinema demonstrations, and televised surgical clinics. These 
telecasts upon a giant 44 by 6 ft screen proved to be one of the most popular features of 
the congress, because the technique of presentation has been so enormously improved. 

At the meetings of September 10 and 11, which were held in the Physical Sciénces 
Centre of McGill University, Montreal, panel discussions were devoted to Retrolental 
Fibroplasia and to Virus Diseases of the Eye. Other papers were delivered on various 
subjects, and one session was allotted to the International Organization against Trachoma. 

On September 12, the eve of the Reopening Assembly in New York, Dr. Ida Mann gave 
a fascinating illustrated lecture describing her recent survey of aboriginal and other 
inhabitants of the Kimberley region, in the north-west of Western Australia. Congressists 
were also privileged to hear an inspiring speech by Miss Helen Keller, who was the chief 
guest at a dinner during the congress. The New York sessions were held in the Waldorf- 
Astoria Hotel. Chief discussion subjects were Primary Glaucoma and the Aetiology of 
Uveitis, but other papers ranged over the whole field of ophthalmology. Several orthoptic 





NOTES 61 


demonstrations were staged, and a symposium on Strabismus Surgery and Orthoptics 
took place on September 19, the eve of the Academy meetings. Those who remained 
for the Academy session were able to hear Dr. Algernon B. Reese deliver the Jackson 
Memorial Lecture on Persistent Hyperplastic Primary Vitreous. 

Fifty-four nations were represented at the XVII International Congress of Ophthal- 
mology, and it goes without saying that their reception entailed a vast amount of planning. 
This short article cannot do justice to the kindly forethought of our hosts in Montreal and 
New York, but it must be emphasized that everything conceivable was done to make a 
happy background. In addition to the carefully planned scientific programme there were 
outings and indoor entertainments for wives and other associate members. All these 
arrangements were supplemented by generous private hospitality in both cities, so that 
every member of the congress will look back with joy to September, 1954. Dr. Bernard 
Samuels and his helpers in Canada and in the U.S.A. are to be congratulated upon the 


outcome of their splendid planning. 


OPHTHALMOLOGICAL SociETY OF NEW SOUTH WALES 


Norman McAlister Gregg Triennial Prize 


The following are the conditions applicable to the Norman McAlister Gregg Triennial 
Prize established by the Ophthalmological Society of New South Wales for a work on an 
ophthalmological subject. 

1. The Ophthalmological Society of N.S.W. will every three years award a prize of 100 guineas 
(Aust.) and a bronze medallion for a work on an ophthalmological subject. 

2. The prize will be awarded to the candidate whose work is deemed to be the most valuable 
contribution to knowledge in ophthalmology. 

3. Entries for the prize competition will be received from any British subject. Entries will close 
for the present prize on August 31, 1955, at midday. 

4. The work submitted must be in the English language. The work must be original and if such 
work has been submitted previously for publication details must be supplied by the candidate. 

5. Examiners shall be appointed for the competition by the Council of the Society and the 
Council’s decision as to the winning entry shall be final and conclusive. If the Council is of the 
Opinion that no work is of sufficient merit it shall not award the prize. 

6. Intending candidates shall notify the secretary of the society of their intention to submit 
contributions at least 2 months before the closing date. 

7. Three copies of the work are to be submitted, typewritten and double-spaced. Each work 
shall bear a motto and shall be accompanied by a sealed envelope containing the author’s name 


and qualifications. 
E. J. DONALDSON (Secretary), 
229, Macquarie St., 


Sydney, N.S.W., Australia. 


XVI ALL INDIA OPHTHALMOLOGICAL CONFERENCE 
Bombay, 1955 


A corDIAL invitation is extended to all members of the Ophthalmological Society of the 
United Kingdom to attend this conference, which is to take. place in the first week of 
March, 1955. A programme of general and scientific interest is being prepared. The 
chief item will be a Symposium .on “ Diseases of the Lacrimal Apparatus”. Further 
information may be obtained from the Secretary of the Conference: 

Dr, Y, Y, Gupta, 19, Pherozshah Mehta Road, Bombay, 1. 
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UNIVERSITY OF TORONTO 


Refresher Course in Eye, Ear, Nose, and Throat Surgery 


The Faculty of Medicine of the University of Toronto offers a combined refresher course 
in Eye and Ear, Nose, and Throat Surgery from April 11 to 15, 1955. 
The clinical practice of ophthalmology and otolaryngology will be illustrated by lectures 
and surgical demonstrations. The guest surgeons will be: 
. Alson E. Braley, Professor of Ophthalmology, University of Iowa, Iowa City. 
. Frank B. Walsh, Associate Professor of Ophthalmology, Johns Hopkins Hospital, 
Baltimore. 
. Edmund P. Fowler, Jr., Professor of Otolaryngology, Columbia University College of 
Physicians and Surgeons, New York. 


. Dean M. Lierle, Professor of Otolaryngology and Maxillofacial Surgery, University 
of Iowa, Iowa City. 


The staff of the Departments of Ophthalmology and Otolaryngology in the University 
will contribute to the course, which will be held for a minimum of ten and a maximum of 
thirty students. The fee of $100, is payable to the Chief Accountant, Simcoe Hall, 
University of Toronto. Applications should be made to the Dean of the Faculty of 
Medicine, not later than February 15, 1955. 


TREACHER COLLINS PRIZE ESSAY 


UNDER the above title, the Council of the Ophthalmological Society of the United 

Kingdom has instituted a Prize of £100, awarded triennially, for the best essay submitted 

upon a subject selected by the Council. The Prize shall be open to qualified medical 

practitioners of any nationality. The essay shall be written in the English language. 
The subject for the next award of the prize is: 


** Diseases of the Lacrimal Apparatus and their Treatment ”’. 


The closing date for sending in essays for this award is December 31, 1956. Essays should 
be submitted to the Honorary Secretary, Ophthalmological Society of the United Kingdom, 
45 Lincoln’s Inn Fields, London, W.C.2, from whom further particulars can be obtained. 
No name should appear on any essay. A distinguishing pseudonym or quotation, written 
upon a sealed envelope containing the candidate’s name and address, should accompany 
the essay. 


OPHTHALMOLOGICAL SOCIETY OF AUSTRALIA 


The following officers were elected at a meeting of the council on October 22, 1954. 
President Dap .... Miss Ida Mann (Perth, W.A.). 
Vice-President ... .... F. Garrett Scoles (Brisbane, Q.). 
Hon. Treasurer ... ... A. E. F. Chaffer (Sydney, N.S.W.). 
Hon. Secretary ... ... P. A. Rogers (Sydney, N.S.W.). 
Imm. Past-President ... A. L. Lance (Sydney, N.S.W.). 
The fifteenth annual general and scientific meeting of the society will be held at Can- 
berra, A.C.T., in the week beginning October 17, 1955. 


APPOINTMENT 


Mr. R. J. H. SmitH, F.R.C.S., has been appointed ophthalmic surgeon to the Royal 
Northern Hospital, London. 





OBITUARY 


ARTHUR JAMES BALLANTYNE 


ARTHUR JAMES BALLANTYNE was born in 1876 and educated in Glasgow where he remained 
throughout his long professional life. A few years ago he retired completely from active 
practice and went to live in the quiet village of Killearn where he died after a long illness 
on November 10, 1954. He graduated M.B., Ch.B. at the University of Glasgow in 1898 
and thereafter became the first house physician to Dr. T. K. Monro, who had just been 
promoted to the senior staff of the old Glasgow Royal Infirmary. He maintained his 
medical associations with T. K. Monro and John Cowan all through his active clinical 
years. His term as house surgeon was spent with John Barlow, who was also an extramural 
teacher of physiology. Such dual appointments were possible in those less highly special- 
ized days, and Ballantyne continued this tradition. by teaching physiology in Anderson’s 
College; his predecessor in this appointment was another ophthalmic surgeon, Ernest 
Thomson. 


At the end of the 19th century the University of Glasgow contained within its walls 
many very remarkable people. John Caird, Gilbert Murray (the sole survivor), Sir Henry 
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Jones, Lord Kelvin, Sir William Gairdner, Sir William Macewen, and George Buchanan, 
who had been a civil surgeon to the Army in the Crimea, were among the men whose 
influence remained potent throughout Ballantyne’s life. On the centenary of the discovery 
of the ophthalmoscope he remarked that he had celebrated the jubilee of his own use of 
the instrument several years before. His first ophthalmic teacher was Thomas Reid, who 
had been a pupil of William Mackenzie, but the greatest and most far-reaching influence 
was that of George Coats. In 1901 Ballantyne graduated M.D. and the subject of his 
thesis was contusion injuries to the eyeball; in 1906 he was elected to the Fellowship of the 
Royal Faculty of Physicians and Surgeons of Glasgow. His first papers, ‘written in 
collaboration with Ernest Thomson, were presented as card specimens to the Ophthalmo- 
logical Society of the United Kingdom, which he joined in 1903. A long review article 
on the pupil was published in the Ophthalmoscope in 1909 and a most detailed article 
upon the pulsation of the retinal arteries in 1913. 


As a young man Ballantyne became a member of the British Medical Association and 
the Royal Society of Medicine; he lived to become President of the appropriate section 
of both these national bodies as well as President of the Ophthalmological Society of the 
United Kingdom. He was a foundation member of the Oxford Ophthalmological Con- 
gress and the Scottish Ophthalmological Club of which. he. was also President. © This 
Club, which originated in the drawing room of his friend Ernest Thomson, was designed 
to improve the social and professional relationships of ophthalmologists in Scotland, an 
objective which it certainly achieved. He was for many years the secretary of the Fin de 
Siécle Club, which was open to medical graduates of the years 1895-1899 and in the terms 
of its constitution was based upon loyalty to the University of Glasgow and its Medical | 
School. Until quite recently he served upon the editorial committees of the Glasgow 
Medical Journal, the Ophthalmoscope, Ophthalmologica, and the British Journal of 
Ophthalmology. 

The first world war upset many of his hopes and plans. In August, 1917, he was 
appointed ophthalmic surgeon to the 67th General Hospital in Salonica, and after the 
war resumed his private practice in Glasgow and his devotion to the Glasgow Eye 


Infirmary. In 1920 he was appointed Lecturer in Ophthalmology to the University of 
Glasgow, and when the Chair of Ophthalmology came into being in 1935 he became 
the first professor, as well as the first director of the Tennent Institute of Ophthal- 
mology. Ballantyne held this office for only 6 years before he retired in 1941 under 
the age-limit rules, and the university conferred upon him the title of Emeritus Professor 
and the honorary degree of LL.D. 


The quinquennia before and after his official retirement formed the most active and 
fruitful period of his life. From 1936 until 1948 he served on the Board of Management 
of the Glasgow Eye Infirmary and the Royal Hospital for Sick Children. He continued. 
to work as consulting ophthalmic surgeon to the Glasgow Royal Maternity and Women’s 
Hospital, a position which he had held since 1915. He lectured in Basel, in the United 
States of America; and in Eire. He gave the Doyne lecture in 1946 on the state of the 
retina in diabetic retinitis, a subject which he had studied in great detail, and in 1950 he 
was awarded the Edward Nettleship Prize. He collaborated with Professor Michaelson 
and Professor Loewenstein in the study of retinal minutiae, and was a strong advocate of 
the meticulous correlation of clinical and pathological data. The resources of the Tennent 
Institute were designed with this objective in view, and he did his utmost to live up to the 
high ideals which he had set himself. On an occasion of great personal strain he wrote to 
a junior colleague, ‘‘ These have been sad days for us, but work and service remain to 
make life worth while ’”’. These were brave words and he lived in that spirit to the end. 


W.J.B.R. 
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COMMUNICATIONS 


TORSIONAL MOTIONS OF THE EYEBALL* 
BY 


D. H. FENDER 
University of Reading 


_ OF the many attempts which have been made in the past to record motions 
of the eyeball, the most successful investigations have used the corneal 
_ reflex method (Lord and Wright, 1948), photographic recording of the motions 
_ of a beam of light reflected from a plane mirror worked on a contact lens 
| (Ratliff and Riggs, 1950; Ditchburn and Ginsborg, 1953), or photographic 
_ recording of the motion of the image of a bright source reflected in a globule 
_ of mercury pipetted on to the cornea (Barlow, 1952). These experiments 
| have recorded at most the motions of the eyeball producing side-to-side and 
_ up-and-down motion of the visual axis when performing various visual tasks. 
The motions described by previous authors may be summarized as follows: 

(a) Tremor of amplitude 5 to.15 sec. arc and frequency 30 to 80 c.p.s. 
(b) Flicks ranging from 1 to 20 min. arc in extent and occurring at intervals of 


0-03 to 5-0 sec. 
(c) Slow drifts of up to 6 min. arc in an interflick period. 


RECORDING OF TORSIONAL MOorTIONs.—The eyeball is also capable of 
_ rotating about the visual axis, a motion generally called “ torsion ” ; consider 
the eyeball to be a sphere, then if it rotates through a small angle about an 
| axis lying in Listing’s plane and making some finite angle with the horizontal, 
the diameter which was originally vertical will sweep out the surface of a 
' tight cone about the axis of rotation and thus cease to lie in the vertical 
| plane which passes through the centre of the sphere and the new direction 
_ of fixation. The angle between this diameter and the plane is called the 
angle of “ normal torsion ” (see Duke-Elder, 1938), and, if it is small, can 
be shown to be given by the expression: 
,— Tan a (1 — Cos B) 
1 +Tan2a Cos B 
where ¢ is the angle of normal torsion, a is the angle. between the axis of 
Totation and the vertical direction, and B is the angle between the primary 
position and any fixation direction of the visual axis. 








*Received for publication May-17, 1954. 
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This expression gives maximum values for torsion when a = 45°; sub- 
stituting this value leads to: 
: _(1 —Cos B) 
max" (1 +Cos 8) 
which further reduces to: 
tmax = 0°73 X 10% B? 
if ¢ and 6 are small and measured in min. arc. Equation (3) shows that if 
B = 2°, tnax is only 1 min. arc; it thus appears that, for small motions of the 
visual axis, normal torsion should be vanishingly small. 

The existence of normal torsion during gross rotations of the visual axis 
from the primary position (more than 15°) can be demonstrated quite easily 
using either an after-image technique or a Maddox rod test; the experiment 
described below has been devised to see whether torsional motion persists 
for small motions of the visual axis. 

Eye motions have been recorded using a contact lens method, essentially 
the same as that described by Ditchburn and Ginsborg (1953) but with this 
modification: instead of working an optical flat on a contact lens (which 
means that the normal to the plane surface cannot be parallel to the visual 

- axis), a small stalk is stuck to a contact lens (Fig. 1) and a very small plane 
mirror (M,) is attached to the end of this stalk; the normal to the mirror is 
adjusted to be parallel to the visual axis. A second mirror (M,) is fixed to 
the temporal side of the stalk, so that the normal to M, lies in the 
horizontal plane and is perpendicular to the visual axis. The stalk is 
just long enough for these mirrors to be carried clear ‘of the eyelids. 
Beams of light from a projector are reflected from these mirrors to the 


\ AXIS 


CONTACT LENS 





Fic. 1.—Mirror attachment to contact lens enabling motions about three axes 
to be recorded. 
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moving film of a continuous recording camera; from the records obtained, 
the motion of the mirrors and hence of the eyeball can be calculated. M, will 
record both up-and-down and side-to-side motions of the visual axis but is 
insensitive to torsional motions, since rotation about the visual axis does not 
alter the plane of this mirror; M, records torsional motion and side-to-side 
motion but is insensitive to up-and-down motion. Using this apparatus, 
records have been obtained of the eye movements of two subjects when 
performing various visual tasks. 


TORSIONAL MOTIONS WHEN FIXING.—Typical reco1ds of the eye movements 
when fixing are shown in Fig. 2 for two subjects, DHF and RMP. The 
fixation target was an iliuminated pinhole subtending 1 min. arc at the eye. 
It will be seen that the side-to-side and up-and-down motions follow very 
closely the movements described by other observers, and that, in addition, a 
characteristic set of torsional motions exist despite the fact that the maximum 
excursion from the mean position of the visual axis in the records shown is 
less than 10 min. arc. 
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Fic. 2.—Records of torsional motions when fixing for two subjects: DHF (upper 
tracings), and RMP (lower tracings). 


The torsional motions may be summarized as follows: 
(a) Tremor of maximum amplitude 45 sec. arc and frequency about 35 c.p.s. 
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This tremor is much more marked for DHF than for RMP in all three motions. 
(6) Flicks, of small amplitude compared with the other motions, usually 
about 2 min. arc in extent. 
(c) Slow drifts, irregular in nature, of up to 5 min. arc in an interflick 
period. 

The torsional motion of the eyeball is of the same nature as the other motions 
and differs only in magnitude; this is in direct conflict with Listing’s law, 
which implies that the effects of the extra-ocular muscles combine in such a 
way as to produce only “ normal torsion” of the eyeball, and hence in this 
case should give no observable torsion. 

It may be that the existence of small torsional motions is a natural conse- 
quence of the geometry of the muscle-planes of the extra-ocular muscles, 
for if it is assumed that the lateral and medial recti can produce rotation 
only about a vertical axis H (Fig. 3), whilst the superior and inferior recti 
act about the axis V,-V, and the superior and inferior obliques about the 
axis T,-T,, then a smal) rotation ® about the T,-T, axis would produce a 
torsion (® Sin 51°) about the primary position of the visual axis TT, and an 
upward rotation (@ Cos 51°) of the visual axis about a horizontal axis VV in 
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Fic. 3.—Muscle-planes of extra-ocular muscles (right eye from above). 
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Listing’s plane. Similarly, a small rotation ¢ about the V,-V, axis would 
produce a torsion (-¢ Sin 23°) about TT, and an upward rotation 
(~ Cos 23°) about VV. Thus we have: 


Total upward rotation = 4 Cos 51° +¢ Cos 23°, 
Total torsion = 0 Sin 51° —¢ Sin 23° 


If Listing’s law is to be obeyed in these circumstances, the torsion must be 


zero, thus: 
6 Sin 51° = ¢ Sin 23°, ° 
or: 0-78 = 9-39 ¢. 
Thus: ¢ = 26, 
and hence the superior and inferior recti and the oblique muscles should be 
“ geared together” to give rotations in the ratio of 2:1. This is obviously 
not the case, since the eye makes torsiona) motions. 


Alternatively, the ratio between the action of these two sets of muscles 
might be constant, i.e., 
D = KBD, srcscrcvocoeeee jececevoeces sseveecesevecss (7) 
K is thus a measure of the relative actions of the superior and inferior recti 
and the oblique muscles. 


In this case we have: 
Upward rotation = 9 (0-63 +0-92 K) 
Torsion = 6 (0-78 —0-39 K) 
and the ratio of these two motions is given by: 
Upward rotation 0-63:+0-92 Ra (8) 
Torsion 


Thus, if X is a constant, a graph of upward rotation against torsion should 
be a straight line. 

The deflection from the mean position of the traces representing vertical 
motion and torsion were calculated at many points throughout a typical record 
obtained whilst fixing; the results are shown in Fig. 4 (overleaf). A straight 
line of slope —3+2 can be drawn among the points, but the correlation 
coefficient is only 0-58, and this is not significant if the normal test (co- 
efficient greater than 3+ V number of observations) is accepted. 

Similar results are obtained for the second subject, and thus it must be 
concluded that the torsional motion of the eye when fixing is mainly random. 








TORSIONAL MOTION WHEN PERFORMING A DYNAMIC TASK.—It is more likely 
that any correlation between the action of the various extra-ocular muscles 
will appear when the eye is active than when it is nominally at rest; accord- 
ingly, records were taken of the eye motions when following a fixation target 
sweeping to and fro in cyclic fashion along a line inclined at 45° to the 
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Fic. 4.—Values 
obtained for tor- 
sion and vertical 
motion when 
subject is fixing. 
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horizontal in a_ vertical 
plane. The total excursion 
of the target subtended 
52 min. arc at the eye, 
whereas the mean excur- 
sion of the visual axis was 
only 30 min. arc—such 
a phenomencn has been 
noted by other observers 
(Lord and Wright, 1949); 
a typical record is given 
in Fig. 5. 

The eye movements were 
measured at corresponding 
points in many cycles and 
the mean values calculated; 
any random elements in 
the motion should be 
reduced by this process, 
but once again, a plot of 
the mean vertical motion 
against the mean torsional 
motion showsa correlation 
coefficient of only 0-02, 
indicating that the tor- 
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Fic. 5.—Record of torsional motions when subject is performing a dynamic task. 


sional motion is random even in this case. 


Finally, the amplitude of the vertical and torsional flicks occurring during 
this motion were compared; the results are shown in Fig. 6, and a correlation 
coefficient of 0-93 exists between the vertical and torsional motions, the 
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slope of the “ best fit ” line being (—2-48+0-18). If, however, a graph of the 
ratio {ward rotations against the value of K is constructed from Equation 
(8) (Fig. 7, overleaf) and the range of slopes found above is plotted on it, 
then it will be seen that Equation (8) is 
satisfied by all values of K except those 
lying within the range +23 to —125. It 
appears therefore that this correlation 
between the vertical motion of the visual 
axis and the torsion of the eyeball is purely 
fortuitous, the relation between the two 
motions being one which can be produced 
with fair accuracy by any action of the 
superior and inferior recti which is large 


compared with that of the oblique muscles. 
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CONCLUSIONS 


It has been demonstrated that torsional 
motions of the eyeball occur for small 
excursions of the visual axis from the 
primary position, excursions so small that 
normal torsion should not take place. The 
existence of torsional motion is in opposi- 
tion to Listing’s law, which requires the 
superior and inferior recti and the oblique 
muscles to combine in action so as to 

produce normal torsion only. 
Fic. 6.—Values obtained for torsion and 
upward rotation when subject is perform- . Although the geometry of the muscle 
ing a dynamic task. planes would suggest that a correlation 
between the vertical motion of the visual axis and the torsion of the 
eyeball should be present in all cases, only when the eyeball performs a large 
involuntary motion, i.e. a flick, does the correlation have any significance; 
but the value then obtained for the ratio seg gaa leads to the con- 
clusion that the vertical motion of the visual axis during a flick is produced 
almost entirely by the superior and inferior recti, and that the oblique muscles 
are not used to correct the resulting torsion. During interflick periods, how- 
ever, it would appear that ihe elevation or depression of the visual axis is 
produced by the effects of the superior and inferior recti and the oblique 
muscles combined in random proportions, and that this gives rise to random 
values of torsion of the eyeball. 

Finally it should be noted that any recording technique which uses a re- 
flecting surface with its normal not parallel to the visual axis will record a 
component of torsional motion confused with the other motions. 





8 é 4 a 
ANTICLOCKWISE TORSION (min. ore) 








72 D. H. FENDER 


Fic. 7.—Graph showing range RATIO { Upward rotation ) 
of values of K obtained when tortion 
— is performing a dynamic 
tas 
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I should like to record my thanks to Mr. R. M. Pritchard, who kindly acted as a subject, and 
to Professor R. W. Ditchburn for his encouragement and helpful discussions. 
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UNILATERAL PARALYSIS OF THE ELEVATORS OF 
SUPRANUCLEAR ORIGIN* 


BY 
ENRIQUE MALBRAN anp ATILIO LUIS NORBIS 


Buenos Aires 


UNILATERAL paralysis of the elevators (inferior oblique and superior rectus) 
is a syndrome treated only briefly by most authors (see Duke-Elder, 1949). It 
is, nevertheless, a relatively frequent clinical entity and of great importance 
in practice. Bielschowsky (1939) considered this paralysis and the 
anterior internuclear syndrome to be the only unilateral supranuclear 
paralysis which could be diagnosed clinically. White (1942) described the 
syndrome and suggested a useful semiological classification. Malbran 
(1944, 1949) and Malbran and Sevrin (1952) have accepted Bielschowsky’s 
idea of pathological evolution, and White’s classification of the signs. 

Apart from clinical reasons, and considering the anatomy only, it is clearly 
difficult to assign this syndrome to a nuclear or infranuclear lesion. For the 
first, it would be necessary to accept the existence of a lesion which slowly 
affected the nuclei corresponding to the superior rectus and inferior oblique, 
without affecting the intra-ocular muscles and other muscles innervated by 
the 3rd nerve. An infranuclear lesion is even less probable, as it entails the 
postulation of a pedicular or truncular lesion which would affect selectively 
these fibres destined to the two muscles in question. That both elevator 
muscles of the same eye could be affected by a paralysis of orbital origin is 
also improbable in view of their anatomical separation. 

Per contra clinical arguments favour a supranuclear pathology, as in these 
cases the integrity of the peripheral neurone can be demonstrated. 

In examining a patient with this syndrome, it is possible to ascertain that 
the movements of elevation of one eye are totally absent; occasionally both 
muscles appear completely inactive, in other cases the functional deficiency 
of the inferior oblique is more marked than that of the superior rectus or 
vice versa. Generally, the patient offers the whole clinical picture of vertical 
strabismus with descent of the affected eye with pseudo or true ptosis (both 
forms exist as we will see later). 

More rarely the paralysed eye maintains fixation, and the normal eye dis- 
plays a strong vertical strabismus with elevation in secondary deviation. 
If the patient is asked to look up, the eye will not usually succeed in rising 
above the horizontal meridian. There exist, nevertheless, special manoeuvres 
which enable us to show the integrity of the elevator action of these muscles. 





*Received for publication May 22, 1954. 
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(A) The most precise and objective test is that based upon persistence of a normal 
Bell’s phenomenon. The patient is asked to close his eyes firmly, if the lids of the 
affected eye are simultaneously separated the upward deviation of the eye may be 
observed at that moment. This indicates the integrity of the connections between 
the 3rd and 7th nuclei through the motor connections below these nuclei. The 
lesion can only exist, therefore, in the corticonuclear connection. 


(B) The postural and psycho-optical reflexes are always positive and agree with 
Bell’s phenomenon in demonstrating the undeniable supranuclear origin of this 
syndrome. In practice, the routine examination only requires a study of the 
“‘ Duane’s following movement”. So far as these postural reflexes are studied, 
it is adequate simply to carry out movement of the head downwards (Schuster’s 
* doll’s head phenomenon ”’) whilst the eyes maintain fixation. The absence of 
the psycho-optical reflex with conservation of these reflexes indicates, according to 
Bielschowsky (1940) and Fink (1953), a lesion near the nucleus, but with an intact 
posterior longtitudinal: bundle (Case 2). 


(c) It is also possible to study the component of rotation, but this is always 
more difficult than that of elevation. The superior rectus and the inferior oblique 
are antagonists in their rotary action, the superior rectus being an intorter and the 
inferior oblique an extorter. If the head is tilted away from the affected eye, the 
external rotatory muscles of the paralysed eye (the inferior oblique and inferior 
rectus) are activated at the same time as their vertical antagonists. If the inferior 
oblique is affected by a paralysis of the nuclear or infranuclear type, the action 
of the inferior rectus is not checked and the eye is lowered. 

This manoeuvre, whilst theoretically acceptable, in practice provides little in- 
formation. Notwithstanding, in the two cases of our series in which this manoeuvre 
was possible, a contracture of the inferior rectus was demonstrable by other 
means. This contracture is of great importance in considering surgical treatment. 


TABLE 
PARTICULARS OF 





Ne cc ee GAS 1 | 2 3 | 4 





Age at onset (yrs) ... eK add 2 14 3 | } 
Paralysedeye  ... ... .. | Left | — Left Right | — Right 








Bell’s phenomenon es naa | Positive Positive Positive Positive 





“ Following ”’ reflex a ... | Positive Negative Positive Positive 





“* Cephalic rotation ” reflex ... | Positive Positive Positive Positive 





Overaction of ipsilateral superior : 
oblique... ag ee ... | Negative Positive Negative Negative 





Overaction of ipsilateral inferior 
rectus és be cork 





Negative Positive Negative Negative 





Pseudo ptosis or ptosis... cts | Pseudo Pseudo Pseudo 
ptosis ptosis ptosis 
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White’s classification of the three types of monolateral paralysis of both 
elevators appears to us most useful in deciding on the surgical procedure. 


Type 1.—Binocular vision is maintained by tilting the head backwards; this type 
generally has good vision in both eyes (Case 1). 

Type 2.—Fixing with the healthy eye, the paralysed eye is in hypotropia accompanied 
generally by pseudo ptosis or true ptosis and reduced vision on this side (Cases 2, 3, 4, 
6, 7, 8). 

Type 3.—Fixing with the paralysed eye which has good vision, the healthy eye with 
secondary deviation becomes markedly raised and vision is diminished (Case 5). 


Case Reports 
The particulars of ten cases described below are set out in the Table. 


Case 1, aged 12, attended on June 3, 1953, with a history of onset of strabismus of 
progressive type at the age of 2 years. 1D sph. lenses had previously been prescribed 
for both eyes. 
Examination 

Head: Tilted backwards to avoid diplopia. 

Vision: With glasses, right eye 10/10, left eye 8/10. 

Screen Test: 6 m. R.H.* 30%, exo 9%. 

Convergence: Both eyes good. 

Basic Point of Convergence: 50 mm. 

Binocular Vision: Retinal correspondence normal. Fusion at angle of deviation to 

the following extent—convergence 13“, divergence 8~. 

Observations.—Bell’s phenomenon, and “ following’? and “cephalic rotation ” 
teflexes positive. Overaction of the homolateral antagonists (left interior rectus and 
left superior oblique) was absent. Diplopia only occurred on placing the head in the nor- 
mal position, or on looking upwards. 

Type.—As the usual position is a backward head tilt to avoid diplopia and maintain 
fusion, this case belongs to White’s Type 1. 


TEN PATIENTS 








S(Fig.1) | 6(Fig.2) | 7 9(Figs3and4) 10 (Fig. 5) 
39 «=—s«| Ss Atbirth | } ba Mi ccs | 40 
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Surgical Intervention (September 25, 1953).—Right eye, 3-mm. recession of superior 
rectus. Left eye, marginal myotomy of inferior oblique via conjunctiva. 

Follow-up (October 14, 1953).—Screen test, R.H. 9*, exo 7@. The patient still 
retains a slight head tilt. ; 







Case 2, aged 5 years, attended on May 18, 1953, with a history of progressive 
paralysis since the age of 18 months. 
Examination 

Head: Normal position. 

Vision: With glasses, both eyes 10/10. 

Refraction: Both eyes + 2D sph. 

Fixation: Maintained by right (good) eye. 

Screen Test: 6 m. R.H. 18, exo 5“. 

Convergence: Both eyes good. 

Binocular Vision: Anomalous retinal correspondence. 

Observations.—Bell’s phenomenon and “cephalic rotation” reflex positive, but 
“following” reflex negative. On tilting the head and shoulders to the right, the left eye 
is depressed by a4 contracture of the left inferior rectus, as shown by the screen test. 

Type.—As the patient fixed with the right (good) eye, there was hypotropia of the left 
eye, accompanied by a pseudo ptosis of the same side, corresponding to White’s Type 2. 


Surgical Intervention (October 2, 1953).—Right eye, 3-mm. recession of superior rectus, 
marginal myotomy of inferior oblique via conjunctiva. Left eye, partial tenotomy of 
reflected tendon of superior oblique (Berke’s operation). 

Follow-up (October 29, 1953).—Screen test 6 m. confirms R.H. 8“, exo 5“. Ata 
second operation, a recession of left inferior rectus will be necessary if overaction of the 
type described above is found, and the residual exotropia will have to be corrected. 

























Case 3, aged 5 years, attended on June 13, 1950. The parents had noticed the deviation 
at the age of 3 years. 


Examination 
Head: Normal position. 
Vision: Without glasses: right eye 2/10, left eye, 8/10; with glasses, right eye 4/10, 
left eye, 8/10. 
Refraction: Both eyes + 2:0/+1-0 x 90. 
Fixation: Maintained constantly by left (good) eye. 
Screen Test: 6 m. L.H.* 8°. 
Binocular Vision: Normal retinal correspondence. 

Observations.—Bell’s phenomenon, and “ following” and “ cephalic rotation ”’ reflexes 
positive. 

Type.—As the patient fixed generally with the good (left) eye, this case belonged 
to White’s Type 2. The pseudo ptosis was not very marked owing to the small degree. of 
vertical deviation. 

Surgical Intervention (September 16, 1950).—Left eye, 3-mm. recession of superior 


rectus. 
Follow-up (November 20, 1950).—Patient orthophoric by screen test. 






















Case 4, aged 37 years, was first seen on May 22, 1950, and gave a history of a slow type 
of paralysis which began at the age of 3 months. 
Examination 
Head: Normal position. 
Vision: Right eye, counting fingers, left eye 10/10. 
Fixation: Maintained by left eye. 














L.H.=left hyperphoria. 
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Screen Test: Not practicable because of lack of fixation in right eye. 
Hirschberg Test: L.H. 45“, eso 35%. 
Binocular Vision: Anomalous retinal correspondence. 
Observations.—Bell’s phenomenon and “ following” and ‘ cephalic rotation ”’ reflexes 
positive. 
Type.—As the patient habitually fixed with the good eye, this case corresponded to 
White’s Type 2. A pseudo ptosis existed also in the right eye. 


Surgical Intervention (July 25, 1950).—A marked overaction of the ipsilateral antagonist 
did not exist, it was practicable to perform a 3-mm. myectomy of the superior rectus of 
the right eye. 

Follow-up.—Hirschberg test, L.H. 14, eso 35“. 


Second Operation (October 11, 1950).—Right eye 5-mm. recession of medial rectus, 
8-mm. myectomy of the lateral rectus. 

Follow-up (January 13, 1950).—Hirschberg test, L.H. 14¢, eso 14@. The treatment 
was not completed, because the patient did not attend again when sent for. 


Case 5, aged 41 years, attended on February 14, 1953, with a deviation which had 
commenced at the age of 39. 
Examination (Fig. 1). 
Head: Normal position. 
Vision: Right eye 2/10. Left eye 8/10. 
Fixation: Habitually fixed with left (paralytic) eye. 
- Screen Test: At 6 m. fixing with lefteye, R.H. 60“, eso 60*; fixing with right eye, 
R.H. 40, eso 45%. 
Binocular Vision: Normal retinal correspondence, with fusion of a primary degree 
at angle of deviation. 
Convergence: Both eyes good. 
Basic Point of Convergence: 70 mm. 


(9) 


Fic. 1.—Case 5. 


(a) In the primary position fixation is carried out with the left (paralytic) eye, and the right eye 
displays a marked secondary deviation. 

(6) Paralysis of left inferior oblique. (d) Bell’s phenomenon present. 

(c) Paralysis of left superior rectus. (e) Overaction of left inferior rectus. 
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Observations.—Bell’s phenomenon and “ following ” and “ cephalic rotation ” reflexes 
positive. A marked overaction of the superior oblique and inferior rectus was present 
on the left side (Fig. 1). 

Type.—As the patient fixed with the paralytic (left) eye and the good eye displayed a 
strong secondary deviation, this corresponded to White’s Type 3. 

Surgical Intervention (January 30, 1954).—Right eye, 3-mm. recession of superior rectus, 
cinch of lateral rectus (O’Connor’s operation). Left eye, partial tenotomy of reflected 
portion of superior oblique (Berke’s operation), 8-mm. myectomy of lateral rectus, 
5-mm. recession of medial rectus. 

Fojlow-up.—Owing to the short time which has elapsed since the operation, we are not 
yet able to give the final result. 


Case 6, aged 18 years, was first seen on January |, 1954. This patient was born after a 
difficult labour, and had shown deviation since birth. The left eye was operated on for 
Ptosis at the age of 9 years (we considered from an erroneous interpretation of the case). 


Examination (Fig. 2). 
Head: Normal position. 
Vision. Right eye 10/10, left eye 1/10. 
Fixation: Eabizuelly fixed with h right (good) eye. 
Screen Test: 6 m. R.H. 45> 


Convergence: Both eyes eid 
Basic Point of Convergence: 65 mm. 


Binocular Vision: Anomalous retinal correspondence. 

Observations.—Left eye displays a true ptosis. Bell’s phenomenon and “ following” 

and “cephalic rotation ” reflexes negative. An overaction of the left superior 
oblique was present. 


Re CS aay | 


Fic, 2,—Case 6. 


(a) Habitual position of patient with marked true ptosis. 
(6) Passive elevation of left eyelid, showing primary ion with by Sood (right) eye. 


(c) and (d) Paralysis of inferior oblique and superior rectus of le iott sides respective 
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Type.—As the patient fixed habitually with the right (good) eye, this case corresponded 
to White’s Type 2. 

Surgical Intervention (January 23, 1954).—Right eye, 3-mm. recession of utes rectus, 
5-mm. recession of medial rectus, cinch of lateral rectus (O’Connor’s operation), marginal 
myotomy of inferior oblique via conjunctiva. Left eye, 8-mm. myectomy of lateral rectus, 
partial tenotomy of reflected portion of superior oblique (Berke’s operation). 

Follow-up.—Owing to the short time which has elapsed since the operation, we are not 
yet able to give the final result. 


Case 7, aged 8 years, first attended on May 5, 1944 with a history of progressive vole 


from the age of 6 months. 


Examination 


Head: Tilting of head and shoulders to the left. 
Vision: With giasses, right eye 1/20, left eye 20/20. 


Refraction: Right eye + 3D, left eye + 2D. 


Fixation: Fixation had become permanent with left (good) eye. : 
Screen Test: Fixation impossible with right eye, patient uncooperative. 
Hirschberg Test: L.H. 35%, eso 30%. 
Binocular Vision: Anomalous retinal correspondence. 
Observations.—Bell’s phenomenon and “ following ” and “ cephalic rotation ” reflexes 
positive, Overaction of right superior oblique. 
Type_—As the patient fixed a with the left (good) eye, this case corresponded 
to White’s Type 2. 


Gacaienk Intervention (July 4, 1944).—Right eye, cinch of superior rectus, 5-mm. re-. 


cession of medial rectus, 8-mm. myectomy of external rectus. 
Follow-up (August 10, 1944).—Hirschberg test, L.H. 25“. 


Second Operation (November 24, 1945).—Right eye, partial tenotomy of reflected 


portion of superior oblique (Berke’s operation). Left eye, 3-mm. recession of superior 


rectus. 
Follow-up.—Hirschberg test showed orthophoria in primary position. On obstructing 


fusion with an occluder, 8“ right hypophoria became evident. 


Case 8, aged 25 years, was first seen on July (2, 1949, with a history of paralysis which 
had begun at age 12 during episodic fever. 
Examination 
Head: Normal position. 


Vision: Both eyes good, 20/20. 


Fixation: Maintained constantly with left (good) eye. 
Screen Test: 6 m., L.H. 20%. 
Convergence: Both eyes good. 
Basic Point of Convergence: 65 mm, : 5 
Binocular Vision: Normal retinal correspondence. Primary degree of fusion at 
angle of deviation. 
Observations.—Bell’s phenomenon and “following ” and “cephalic rotation” reflexes 
positive. Pseudo ptosis of right eye. 
Type.—As the patient fixed with the left (good) eye this condition corresponded to 
White’s Type 2. 


Surgical Intervention (November 20, 1949). —Right eye, reinforced myectomy of in- 
ferior oblique. Left eye, 3-mm. recession of superior rectus. 
Follow-up.—Screen test confirmed orthophoria in primary position. 
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Fic. 3.—Case 9. 


(a) Fixing with normal eye, affected eye shows hypotropia and ptosis. 

(b) Fixing with paralysed eye, normal eye in secondary deviation upwards. 

(c) Bell’s phenomenon present in affected eye. 

(d) Right superior rectus palsy. 

(i) Right inferior oblique palsy. 

(f) Fixing with affected eye, showing inhibitional palsy of left superior oblique. 
(J) Usual attitude of patient. 
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Case 9, aged 12 years, was first seen on June 16, 1954, with a history of deviation present 
since birth. 


Examination (Figs 3 and 4). 

Head: Tilted backwards to avoid diplopia. The patient had a ptosis in his usual 
position that became greatest when his head was tilted forwards. 

Vision: Both eyes 10/10. 

Screen Test: 6m., fixing with right eye, L.H. 28, exo 10“; fixing with left eye: 
L.H. 20, exo 74. 

Convergence: Both eyes good. 

Basic Point of Convergence: 50 mm. 

Binocular Vision: Retinal correspondence normal, with after-image and synopto- 
phore tests. 

Observations.—The patient could not raise his right eye above the horizontal plane in 
any field. Bell’s phenomenon was present, but the “following” and “cephalic rotation” 
reflexes could not be obtained. When the patient directed the gaze to the right and down 
fixing with his right eye, the inhibitional palsy of the left superior oblique was marked. 
The red-green test showed the right palsy perfectly with the primary and secondary 
deviation. 

LEFT RIGHT 





Fic. 4.—Case 9. Unilateral palsy of both elevators in right eye. (A) Before 
surgery (June 16, 1954). (B) 15 days after surgery (July 2, 1954). Exotropia is seen 
in the primary position only. 
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Type.—As the usual position is a backward head-tilt to avoid diplopia and maintain 
fusion, this belongs to White’s Type 1. 

Surgical Intervention (June 20, 1954).—Right eye, 6-mm. advanced, with 5-mm. resection 
of inferior oblique (MacLean’s operation), 4-mm. resection of superior rectus. Left eye, 
marginal myotomy of inferior oblique, via conjunctiva. 

Follow-up (July 2, 1954).—The patient does not tilt the head backwards, although 
ptosis is present. Screen test, 6 m., fixing with right eye, exo 12“; fixing with left eye, 
: exo 8“. The vertical deviation occurs only in the upper fields of the gaze. 


Case 10(Fig. 5, opposite), aged 41 years, was first seen on April 12, 1954, with a history 
-of rapid onset one year ago. He had been treated with vitamin B,, and leucotropina, 
but his condition had not improved. 
Examination 
Head: Tilted backwards to diminish diplopia. 


Vision: Both eyes 10/10. 
Screen Test: 6 m., fixing with right eye, L.H. 25, exo 18¢; fixing with left eye, 


L:H. 184, exo 18%. 
Convergence: Both eyes good. 


Basic Point of Convergence: 50 mm. sles 
Binocular Vision: Retinal correspondence normal, fusional angle of deviation. 


Observations.—The patient could not raise the right eye above the horizontal plane. 
Bell’s phenomenon, and “following” and “cephalic rotation” reflexes negative. Fundus 
normal. Radiographic examinations showed right orbit and optic foramen to be normal. 
Slight overaction of the ipsilateral antagonist (right inferior rectus and superior oblique) 


present. 
Type.—As the usual position was a backward tilt to avoid diplopia and maintain 


fusion, this case belonged to White’s Type 1. 

Surgical Intervention (May 10, 1954).—Right eye, 4-mm. resection of superior rectus 
and tucking of inferior oblique. Left eye, marginal myotomy of inferior oblique. 

Follow-up (May 20, 1954).—The patient tilts the head to a lesser extent. Screen test, 
6 m., fixing with right eye, L.H. 15“, exo 10°; fixing with left eye, L.H. 10%, 
exo 8*. 

At a later date, it is proposed to perform a 3-mm. recession of the left superior rectus 
and tenotomy of the reflected right superior oblique (Berke’s). 


Discussion 

The presence of Bell’s phenomenon in seven, the “ cephalic rotation” 
reflex in seven, and the ‘‘following”’ reflex in seven of the ten cases presented, 
demonstrates clearly the supranuclear origin of this syndrome. Case 6 was 
unusual in that Bell’s phenomenon and the “ following” and “ cephalic 
rotation ”’ reflexes were negative, and he presented a true ptosis. In this 
patient the pathogenic interpretation proved most difficult. Possibly this 
was an incomplete nuclear paralysis of the 3rd nerve. 

In Cases 2, 3, 4, 7, and 8 pseudo ptosis was evident, and in Case 6 true 
ptosis; in Cases 1 and 5 the palpebral fissure was normal. We wish to stress 
here the frequency with which this pseudo ptosis may be wrongly regarded as 
a true partial ptosis, the elevator palsy having been overlooked. In Case 6, 
for example, a ptosis operation had been performed at another hospital with 
an unfortunate cosmetic result. 
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(1) 


Fic. 5.—Case 10. 


(a) Fixing with good eye. 

(6) Fixing with affected eye, normal eye in secondary deviation upwards. 

(c) Bell’s phenomenon absent. (i) Right inferior oblique palsy. 
(d) Right superior rectus palsy. () Usual attitude of patient. 


White (1942) only intervened in Type 1 when the head tilt was very marked. 
He preferred to strengthen the paralysed muscles, especially the inferior 
oblique (Wheeler’s technique), which he regarded as the muscle most affected, 
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and if necessary he strengthened the superior rectus at a second operation. 
In our only case of this type (Case 1), we operated on the non-paralysed 
eye (marginal myotomy of inferior oblique via conjunctiva and 3-mm. 
recession of superior rectus). We adopted this technique because the vertical 
deviation was more marked. The cosmetic result was excellent, although the 
patient still tilted the head slightly backwards to alleviate the diplopia. 

In Type 2, White carried out the same operation as in Type 1. We based 
our procedure on the existence of muscle overaction in the paretic eye, a very 
frequent phenomenon. When contracture of the ipsilateral antagonists 
existed (inferior rectus and superior oblique being the commoner in our 
experience), we carried out Berke’s operation on the superior oblique. If 
overaction of the inferior rectus was present, we carried out a recession of that 
muscle; and as this is not always sufficient, we also carried out a weakening 
operation on the good eye (recession of superior rectus by not more than 
3 mm. and marginal myotomy of inferior oblique). Where it was impossible 
to demonstrate the overaction of the ipsilateral antagonists (Cases 4 and 8) we 
performed strengthening operations on the paralytic muscles, and weakening 
operations on the contralateral synergists when the deviation was very marked. 

In Type 3, White carried out weakening operations on the superior rectus 
and inferior oblique of the good eye. In Case 5 we have found it necessary— 
owing to the large horizontal deviation shown—to correct the vertical com- 
ponent in two operations. Only the first recession of the superior rectus 
in the good eye, and partial tenotomy of the reflected portion of the superior 
oblique in the paralytic eye has yet been completed. At the second operation 
it may be necessary—owing to the great secondary vertical deviation—to 
complete the correction by a marginal myotomy of the inferior oblique of 
the good eye, and possibly a recession of the left inferior rectus in the para- 
lytic eye, which was found to be in a state of contracture. 
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PHOTOGRAPHIC RECORDING OF OPACITIES OF THE 
OCULAR MEDIA* 


BY 


E. F. FINCHAM 
Institute of Ophthalmology, University of London 


THE value of photography for recording pathological conditions of the eye is 
now generally recognized. It is used particularly to show the external parts 
and such internal surfaces as the iris and fundus. The photography of 
conditions of the transparent media, like the photography of the fundus, calls 
for the use of a special optical system, and in the past has not received much 
attention. Douvas and Allen (1950) described a method of adapting the 
Nordenson fundus camera for this purpose. The principle of this instrument, 
based as it is upon the indirect ophthalmoscope, makes it suitable for photo- 
graphing the media by transillumination. Diseases affecting the media of 
the eye usually result in some loss of transparency, causing reduction in 
vision. The possibility that these conditions may be progressive, so often 
the case when the crystalline lens is affected, makes the keeping of accurate 
records of great importance. The much debated questions of the possibility 
of therapeutic treatment of some forms of cataract, or the retardation of its 
development by the control of diabetes, the supply of a deficient hormone 
in endocrine failure, or the removal of focal infections, call for the com- 
parison of records made over a period of time. 

In recording the progress of cataract, reliance cannot be placed upon the 
measurement of the patients’ vision. The early stages of the disease may be 
detected by means of the ophthalmoscope or slit lamp while vision is still 
‘ normal, and when vision does become affected its reduction bears no definite 
relation to the extent of the opacity. Any graphic records, to be useful for 
comparison from time to time, must give an accurate representation of fine 
detail; drawings cannot be relied upon in this respect, and, moreover, 
photography is much more rapid. It is well known that the different appear- 
ances which opacities of the anterior media assume with slightly differing 
methods of illumination are of great help in diagnosis. Unfortunately, in 
static photography the use of these variations in lighting is seldom possible 

*Received for publication October 29, 1954, 
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and it is necessary to adopt a simple system of lighting and observation that 
can always be repeated. For our purpose the method of transillumination by 
light reflected from the fundus is the most satisfactory. It has the advantage 
that the whole pupillary space can be shown in one photograph with approxi- 
mately uniform lighting. Other methods, such as slit-lamp illumination, 
would require a number of photographs with adjustment of the 
illumination to explore the field and no certainty that the conditions could 


be repeated. 





Method 


The principle of examination of the media by transillumination with the ophthal- 
moscope is well known. The illuminating system with its axis coincident with the line of 
observation remains the same as for fundus examination, and the lens required to focus 
the plane of the medium to be viewed is brought into the sight-hole. In photography a 
much larger aperture than the ophthalmoscope sight-hole is required; a transparent 
mirror through which the photograph can be taken, therefore, replaces the usual perfor- 
ated mirror. This entails considerable loss of light, so that an otherwise efficient illumin- 
ating system must be used; the slit lamp is almost ideal for this purpose. The general 
principle of slit-lamp examination does not call for provision in the apparatus for align- 
ment of the illuminating and observing axes; this, however, is desirable with the use of 
the Hruby lens, and with some modern slit lamps such an alignment can be made. For 
the present purpose the A.I.M. slit lamp has been found very convenient. 

In this instrument the projection system is vertical, the light being reflected along a 
horizontal axis by a mirror (or prism) immediately following the projection lens. This 
mirror is mounted on a cap which can be lifted from the lens-mount and replaced by a 
similar cap bearing a transparent mirror. This is simply a plate of glass about 1 mm. 
thick and of sufficient dimensions to allow a clear view for the camera, i.e. about 5 cm. 
high by 4 cm. wide. A small reflex camera replaces the microscope. The camera is of 
fixed focus for an object distance of 10 cm. and gives a magnification in the image of 
1-5 diameters. A lens of 24” focal length is used. The construction of the camera 
consists of a reflex viewing system attached to the body of a Contax camera containing 
a focal-plane shutter. The shutter and mirror are operated by two synchronized cable 
releases. The reflex image is viewed in the horizontal direction by means of a reflecting 
prism and eye-piece. Focusing and centring are achieved by moving the whole stand 
carrying slit lamp and camera by the joy-stick control provided on this apparatus. The 
slit is used at its maximum width and provision has been made to over-run the lamp by 
2 volts above its normal 6-volt rating, though this extra light is not required when the 
media are reasonably clear and the pupil is well dilated. Suitable photographic materials 
are Ilford H.P. 3 and Kodak Super XX; both 35 mm. films and plates have been used. 
The latter, used with the Contax plate back, are preferred because usually only a few 


exposures are required at a time. Exposures of 0-1 sec. at a marked aperture of F4 are . 


satisfactory. The general arrangement of the apparatus is shown in Fig. 1 (opposite). 


The lesions which it is required to record may extend over some depth within 
the media, such as the crystalline lens, and thus the question of depth of field in the 
photograph must be considered. Owing to the magnification that is required, the 
depth of field is small, and, moreover, the light available does not allow the use 
of a small aperture in the camera lens. Hence we cannot produce results with the 
‘whole thickness of the crystalline lens in focus. Even if such a depth of field could 
be obtained the photographs would give no indication of the relative depths of 
lesions and therefore in most cases it is preferable to work with a large aperture. 
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.L.  Slit-lamp. ‘ 
. Transparent mirror. 
Body of Contax Camera. Cetin 
Prism with lower face ground to receive image, 
and perpendicular face worked to form field- 
lens of eye-piece. 
.  Eye-piece. 











Fic. 1.—Diagram of apparatus. 


lens and to focus upon a selected part. This procedure was followed in the 
examples shown in Fig. 2 (overleaf). If necessary two or more exposures with 
different adjustments of focus may be made. 

Fig. 3 (overleaf) shows records of a case in which a fragment of steel passed 
through the crystalline lens. By taking two photographs, one focused on the 


anterior capsule and one on the posterior, the damage in both regions is 
recorded and differentiated. 

A difficulty which occurs with the examination of the media by transillumination 
is that the illumination of the fundus against which opacities of the media are to 
be viewed is hindered by the presence of those opacities. Thus the efficiency of 
the method decreases as the opacities become denser and more extensive. In 
addition to this, the lesions are opaque because they scatter light; parts which are 
dark by transillumination are light by focal illumination. Therefore, unless we 
can avoid the light striking these opacities as it enters the eye, the contrast of their 
darkness against the luminous background of the fundus will be reduced or lost 
altogether. The use of the localized beam of the slit lamp is some help in this 
respect. It is sometimes possible to manipulate the apparatus so that direct 
illumination of the opacity is avoided. A distinct advantage is also gained by the 
use of a deep orange filter (Ilford Micro 5) in either the illuminating or photo- 
graphic system. The orange light from the fundus passes the filter while much of 
the white light scattered by the media and particularly by the opacities is absorbed, 
and thus the contrast is increased. The effect of direct illumination of a dense 
Opacity by the light entering the eye is shown in Fig. 2(c). In this case the opacity 
occupied such a large part of the pupil that it was not possible to illuminate the 
fundus without some light striking the opacity; hence it is seen with the lower part 
illuminated directly and the upper silhouetted against the fundus. 
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Fic. 2.—Six examples of photographic recordings. 


(a) Female, aged 70, senile cataract. 
16, minute punctate opacities 
{o Mak Male, ‘ged 3 31, extensive posterior polar, and lamellar opacity. 
(d) Female, aged 10, subluxation of lens. 
(e) Female, aged 39. blue spot and nuclear cataract. 
(f) Female, aged 1 ghter of (e)), lar cataract. 
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(C)A (¢)P 


Fic. 3.—Progress of a trauma in a male patient aged 26; a fragment of steel passed 
through the lens and was removed from the vitreous. 


(A) Camera focused on anterior capsule. (P) Camera focused on posterior capsule. 
(a) 19 days after accident. (b) 35 days after accident. (c) 117 days after accident. 


I wish to thank Mr. N. Roberts and Mr. F. Sheen for their skilled work in adapting the camera 
to the slit lamp; thanks are also due to Miss M. Pugh, and to Messrs E. M. Ayoub, J. H. Dobree, 


D. P. Greaves and J. H. Redmond Smith for referring the cases which were photographed. 
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KERATO-CONJUNCTIVITIS SICCA TREATED WITH 
CORTISONE AND ACTH* 


BY 
STELLA EADIE AnD MALCOLM THOMPSON 


Edinburgh 


THE effects of cortisone and ACTH in cases of kerato-conjunctivitis sicca 
(KCS) have been recorded by several authors (Table I). Reports of their 
value have been conflicting, probably because most observers only treated a 
single case, and because in several instances only limited supplies of the 
hormones were available, so that treatment may have been inadequate. 
TABLE I 
RESULTS OF TREATMENT BY CORTISONE AND ACTH ALREADY RECORDED 
| 


| No. of 
Authors Date | Cases | Treatment 





Result 





Offret and Forest | 1950, 1951 | Unchanged 
Phillips | 1952 1 | Unchanged 
Cristini | 1952 1 | Improved 
Beiglbéck and Hoff 1952 1 Cortisone | Improved 
Fernandez y Fernandes and _ | 

Marafién 1952 | Improved 
Forestier and others | 1951 | |__ Improved 


Cadman and Robertson 1952 ‘ | Unchenet 





Cristini 1952 | Unchanged 
Sjégren and Eriksen 1952 | Unchanged 
Fitzgerald and others » SI | | Unchanged | 
Stephens | Improved 
Forestier and others 
Frenkel and others 


Improved 
Improved 





Improved 


| 
| 
Bourne |  Cortisone | Improved 


Phillips | Eye Drops 





The purpose of this paper is to report on twelve cases of kerato-conjunc- 
tivitis sicca treated with cortisone drops, systemic cortisone, or ACTH. 
The cortisone drops used were a 0-625 per cent. solution of cortisone acetate 
(Merck) in a buffered base, except where stated otherwise. 
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Case Notes 


Case 1, a female aged 41 years, had had rheumatic fever in childhood with resultant 
mitral stenosis and aortic regurgitation. She had had rheumatoid arthritis for 28 years, 
latterly associated with K.CS, xerostoma, salivary gland enlargement, and a persistent 
dry cough with smal) areas of pulmonary atelectasis and recurrent Jaryngitis, The ocular 
symptoms were relieved during a course of oral cortisone in December, 1951. 

An exacerbation of ocular symptoms occurred in October, 1952, when Schirmer’s test 
gave 5 mm. in both eyes, and vision was 6/60 in the right eye, and 6/18 in the left. She 
was treated with cortisone drops three times daily and obtained relief within 48 hours. 
In November, 1952, vision was 6/18 in the right eye and 6/5 in the left. Staining was still 
present but less marked. 


In March, 1953, a course of Acthar gel relieved her arthritic and ocular symptoms. 
The parotid and submandibular swellings subsided. Schirmer’s test was not significantly 


improved (8 mm. maximum). A relapse occurred on cessation of ACTH therapy (April, 
1953). ‘The subsequent course is shown in Table II. 


TABLE II 
PROGRESS OF CASE | 





Date of | 


Exam- 
Ination 


Right Eye 


| Left Eye 





Symptoms 


\ 


Staining | Vision | Schirmer’s 
Test (mm.) 


Symptoms| Staining | Vision 


Schirmer’s 
Test (mm.) 





13.1153] +++ | +++ | 6/36 | 2 


| | 
Ltt | +e | ae 


2 





| No treatment 


| No treatment 





20.11.53; +++ | +++ | 6/36 


| 


} +++ | +++ | 6/24pt. | 





| Cortisone drops 3-hrly 


| Cortisone drops 3-hrly 





27.11.53 | 


rea 


+++ | 6/12 | 


| + ++ | 6/18+ | 





| Cortisone drops three times daily 


| Cortisone drops three times daily 





11.12.53 


| ++ | 


tet | 6/24 | 


++ ++ | 6/18+ 





| Cortisone drops three times daily 


' Cortisone drops three times daily 





23.12.53 


| ++ [+++ [eis+| 4 


+ ++ 6/9 





| Hydrocortisone drops three times daily 


| Cortisone drops three times daily 





8.1.54 


| 0 ok 6/12 | 0 


| 


our +++ | 6/12pt. | 
| 





| Hydrocortisone drops three times daily 


Cortisone drops three times daily 





22.1.54 


| 0 | ++ | 6/9pt. | 0 


bee +++ | 6/18+ | 





| Hydrocortisone drops three times daily 


| Cortisone drops three times daily 





14.2.54 


ae | ++ | 69+ | ve 


Re $e ae 4 








| Hydrocortisone drops three times daily 


| Cortisone drops three times daily 





26.2.54 


| + | +++ | 6/9pt. | 2 


| # | tae fp Ope 





| Lacrimal puncta sealed 


| Nil 





31.5.54 


0 ae | 6/6+ | 5 


[a pea] 6724 | 
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Case 2, a female aged 64 years, had had severe rheumatoid arthritis for 25 years, and 
intermittent soreness of the eyes for 8 years. Schirmer’s test gave 3 mm. in both eyes. 
In March, 1953, vision was 6/18 in the right eye and 6/60 in the left. She was treated 
with cortisone drops three times daily, and in April, 1953, vision was 6/6 in the right eye 
and 6/36 in the left. When treatment was discontinued in July, 1953, she relapsed, but 
she improved again when treatment was resumed. In November, 1953, while she was 
still receiving drops, vision was 6/5 in the right eye and 6/9 in the left. Schirmer’s test 
showed 4 mm. in botheyes. The cortisone drops were then withdrawn. The subsequent 
course is shown in Table III. 


TABLE III 
PROGRESS OF CASE 2 





Date of Right Eye | Left Eye 


Exam- 
ination Symptoms | Staining | Vision | Schirmer’s Symptoms | Staining | Vision | Schirmer’s 
| | Test (mm.) Test (mm.) 





10.1253} +++ | — | os | 5S | +++] — | 6/2 4 

















Cortisone drops three times daily 
+ 5] +++, | 6/124 | 
Nil 


Cortisone drops three times daily 
| 
| + | +++ | 612+] 


| 





15.12.53 + | +++ | 6/6pt. 








Beuaee | 6/6pt. | 








| +++ | 6/6pt. | +++ | +++ | 6/60 | 





Cortisone drops four times daily 


[ +++ | 6/5pt. | + | +++ | oe | 








Cortisone drops four times daily 
| ++ | 6/6 + | +++ |o/s+ | — 
Hydrocortisone drops four times daily 
+ | +++ | 6/6pt. + | +++] 6736] 1 
Nil Lacrimal puncta sealed 
++ | +++ | 6/opt. | o | ++ | 69 | 
Cortisone drops three times daily Puncta still sealed 
17.6.54 0 | — | 6/5pt. 0 | — | 6/opt. | ~ 









































Case 3, a female aged 47 years, had had xerostoma and inflamed eyes for 5 years, with 
no rheumatoid arthritis, but anaemia and achlorhydria, She obtained no relief from large 
doses of vitamins and oral iron, nor from antibiotic eye drops. In June, 1953, she had 
severe KCS; vision was 6/18 in the right eye and 6/9+ in the left. Treatment with 
cortisone drops three times a day gave symptomatic relief and the corneal staining 
decreased. Cortisone drops were discontinued in November, 1953. The subsequent 
course is shown in Table IV (opposite). 
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TABLE IV 
PROGRESS OF CASE 3 





Date of | Right Eye Left Eye 
Exam- . . “* . 
ination |Symptoms, Staining | Vision | Schirmer’s|Symptoms| Staining | Vision | Schirmer’s 
Test (mm.) Test (mm.) 


5.11.53 | +++ | +++ | 6/18 2 +++ | +4+4+ | 6/9 6 
Nil Nil 
10.11.53] +++ | +++ | 6/18pt. | +++ | +++ | 6/9pt. | 



































Intensive vitamin therapy Intensive vitamin therapy 


ca + | hee | 6/24pt. | 2 | +++ | +++] 6/9pt. | 0 











Cortisone drops 3-hrly for 2. days then 


Cortisone drops 3-hrly for 2 days then 
four times daily 


four times daily 


| 
| 
++ | +++ [osp.| oo | + | ++ | 6/9pt. | 
; | 
| 
| 








Cortisone drops four times daily Cortisone drops four times daily 





++ | +++ | 67/24pt.| + | +++] 6/12 | 








| Lacrimal puncta sealed Cortisone drops four times daily 


+ | +44 | 6/18+ | + | ++ | 6/12+ | 
| | 








Lacrimal puncta sealed > Cortisone drops four times daily 





+ | ++ | 6/12pt.| + | +++ | 6/12+ | 





Lacrimal puncta re-sealed | Lacrimal puncta sealed 








Lacrimal puncta still sealed Lacrimal puncta still sealed 








4.5.54 4 | + |6/i2p.| 6 | 0 La | 6/9. | 6 


| 
| 
| 
| 
Bea ee ae eS ee 
| 
| 





Case 4, female aged 54 years, had had severe rheumatoid arthritis for 25 years, sore 
eyes intermittently for 18 months, xerostoma, and bilateral parotid swelling. In December, 
1953, the right eye was enucleated after perforation of a corneal ulcer. The left eye 
showed KCS, Schirmer’s test gave 4 mm., and vision in the left eye was 6/12. Cortisone 
drops three times a day gave only slight subjective improvement. The staining and 
Schirmer’s test did not improve and vision in the left eye deteriorated to 6/18. Cortisone 
was instilled 5 times daily without further improvement. In February, 1954, the left 
lacrimal puncta and canaliculi were sealed, giving marked symptomatic improvement. 
In May, 1954, the improvement was maintained, vision was 6/6, and Schirmer’s test gave 
3 mm., but the corneal staining was still present. 


Case 5, female aged 44 years, had had rheumatoid arthritis for 22 years, recurrent 
laryngitis, and inflamed eyes for one year. Various eye drops had not given any relief. 
In February, 1954, vision was 6/18 in both eyes, KCS was present, and Schirmer’s test 
gave 3 mm. in the right eye and 1 mm. in the left. Cortisone drops 1-5 per cent. solution 
were given four times a day to the right eye and hydrocortisone drops 1-5 per cent. solution 
four times a day to the left eye. After 2 weeks the symptoms in the right eye were 
relieved, but no improvement was seen in the left eye. Vision was 6/9 in the right eye 
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and 6/24 in the left eye. Later cortisone drops 1-5 per cent. solution were given four 
times daily to both eyes, but there was no change in the condition of the left eye. 

Treatment was discontinued in April, 1954, and a full relapse occurred. In May, 1954, 
cortisone drops four times daily were combined with cortisone ointment applied to the eyes 
at night. After 2 weeks, the right eye had again responded but there was no improvement 
in the left eye. In June, 1954, the left lacrimal puncta were sealed and cortisone to the 
left eye was stopped. The eye improved with complete symptomatic relief and vision 
improved to 6/9. This improvement has been maintained. 


Case 6, a female aged 38 years, had had rheumatoid arthritis for 17 years, with Raynaud's 
disease, xerostoma, intermittent bilateral parotid swellings, recurrent laryngitis, and 
attacks of ‘‘ conjunctivitis ’’. In November, 1954, she was thought to have KCS; 
Schirmer’s test gave 0 mm. in the right eye and 1 mm. in the left eye. Vision was 6/9 in 
both eyes. Cortisone drops were given four times daily with marked subjective relief 
in both eyes and reduction of staining in the right. The cortisone was reduced to three 
times daily and the improvement was maintained. In January, 1954, 1 per cent. hydro- 
cortisone drops were given four times daily to the left eye and cortisone | per cent. four 
times daily to right eye. There was no further improvement in either eye. 


Case 7, a female aged 46 years, had had alopecia totalis since 1940, dry skin and trophic 
changes in the nails since 1946, xerostoma and dry cough since 1948, recurrently sore eyes 
since April, 1951, and severe sinusitis and rheumatoid arthritis since September, 1951. 
In February, 1952, she was given oral cortisone 100 mg. daily, with relief of ophthalmic 
symptoms and improvement in general condition. Schirmer’s test gave 8 mm. in 
both eyes. The visual acuity was 6/6 in each eye. After one year of therapy, Schirmer’s 
test gave 2 mm. in the right eye and 3 mm. in the left eye. Staining with rose bengal 
solution was present throughout. 

After 2 years of treatment, oral cortisone therapy was withdrawn during January, 1954, 
and the ocular symptoms recurred within a few days of withdrawal, with bilateral con- 
junctival injection. Cortisone eye-drops were given, and it was necessary to instil the 
drops 2-hourly to relieve the patient’s symptoms completely. Schirmer’s-test continued 
to give 2 mm. in both eyes. 

Oral cortisone therapy, 75 mg. daily, was resumed in February, and this partially 
controlled the ocular and arthritic symptoms; when the dosage was increased to 100 mg. 
daily, the symptoms were completely relieved. 


Case 8, a female aged 66 years, had had severe rheumatoid arthritis for 4 years, and 
xerostoma and KCS for 1 year. In July, 1952, she was treated with cortisone eye-drops 
three times daily and chloramphemical eye ointment at night. Relief was obtained but 
the patient relapsed when the cortisone was stopped. In October, 1952, cortisone eye- 
drops were given to the left eye three times daily with marked symptomatic improvement. 


Case 9, female aged 59 years, had had rheumatoid arthritis for 13 years, recurrent attacks 
of conjunctival injection for 3 years, and xerostoma. In January, 1954, examination 
revealed Sjégren’s syndrome with signs of Felty’s syndrome. 

When mild exacerbation of ocular symptoms occurred in February, 1954, Schirmer’s 
test gave 3 mm. in both eyes, and 1 per cent. cortisone eye-drops four times daily gave 
relief within 3 days; after 9 days of treatment the drops were withdrawn and relapse 
occurred. Further therapy with 1 per cent. cortisone eye-drops four times daily was 
then given for 3 weeks with prompt relief; since the end of course the patient has had no 
further ocular symptoms. 


Case 10, a female aged 60 years, had had severe rheumatoid arthritis for 20 years, 
and sore eyes and photophobia for 1 year, with xerostoma; KCS was diagnosed and 
Schirmer’s test gave 3 mm. in the right eye and 5 mm. in the left; vision was 6/24 in the 
right eye and 6/9 in the left. 
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The ocular symptoms had not been relieved by various eye-drops, but improved after 
subconjunctival injections of 0-3-ml. 24 per cent. cortisone acetate solution. 

In April, 1954, oral cortisone 50 mg. daily caused some relief of the arthritis, but there 
was an exacerbation of the ocular symptoms which was controlled by cortisone drops. 
The response to Schirmer’s test remained unaltered. 


Case 11, a female aged 53 years, had had rheumatoid arthritis for 12 years, and recurrent 
ocular inflammation and corneal ulceration for 9 years. In May, 1954, KCS was diagnosed 
and Schirmer’s test gave 2 mm. in the right eye and 11 mm. in the left. Vision was 6/5 
in the right eye and 6/6 in the left. Corneal scarring was seen in the left eye. Treatment 
was begun with hydrocortisone eye-drops 0-625 per cent. four times daily to the left eye 
and cortisone eye-drops four times daily to the right eye. After 2 weeks, subjective 
improvement occurred in both eyes, but the ophthalmic appearance were unchanged. 
Schirmer’s test gave zero results in both eyes. 


Case 12, a female aged 53 years, had had rheumatoid arthritis for 18 years, and recurrent 
sore eyes and xerostoma for 6 months. In November, 1953, KCS was diagnosed and 
Schirmer’s test gave 8 mm. in the right eye and 4 mm. in the left. Vision was 6/6 part 
in both eyes. Cortisone drops were given 3-hourly for 2 days, and then three times daily 
in both eyes; after 1 week there was considerably subjective improvement, but the vision 
was unaltered and Schirmer’s test still gave 2 mm. in the right eye and 1 mm. in the left. 


Results of Treatment 


(a) Topical Therapy.—Cortisone eye-drops were used in the treatment of 
twelve patients, of whom eight obtained definite and marked relief of symp- 
toms, three obtained partial relief when the drops were instilled frequently, 
and one derived no benefit. When cortisone eye-drops were effective, the 
benefit was usually definite within 4 days of starting treatment. Cessation 
of therapy usually resulted in prompt relapse, but in two instances (Cases 2 
and 9) the patients enjoyed relatively prolonged remissions after cortisone was 
withdrawn. 

Hydrocortisone eye-drops were administered to five patients. In only 
one instance did the benefit obtained from hydrocortisone significantly 
exceed that derived from cortisone (Case 1). One patient found both local 
cortisone and hydrocortisone equally ineffective. 

The addition of cortisone eye ointment to local therapy in two cases gave 
no extra benefit. 


(b) Systemic Therapy.—Oral cortisone therapy was given to three patients. 
In two instances (Cases 1 and 7) it was effective in controlling symptoms, but 
in one (Case 10) 50 mg. daily did not control the ocular symptoms. One 
patient (Case 1) also had a course of ACTH with suppression of ocular 
symptoms. Systemic cortisone and ACTH did not lead to any significant 
increase in lacrimal secretion. 

(c) Sealing Lacrimal Puncta and Canaliculi.—This operation was carried out 
in five patients, all of whom obtained very marked relief, including one who 
had completely failed to improve (Case 4) and two patients (Cases 3 and 5) 
who had improved only slightly with cortisone eye-drops. 
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Discussion 

It has been possible to evaluate critically the results of treatment with 
local cortisone. Control of observations was possible by observing the 
response in one eye treated with local cortisone while the other eye remained 
untreated; and also by using interrupted courses of treatment. 

The response to local cortisone therapy (0-625 per cent. solution three times 
daily) was generally good. For the more severe cases stronger preparations 
were found to be more effective, and more frequent instillation was required. 
Hydrocortisone eye-drops did not appear to be any more effective than 
cortisone, although hydrocortisone is usually considered to be more active 
locally. The addition of cortisone eye ointment to local therapy did not 
augment the therapeutic response. 

Cortisone and hydrocortisone are presumably effective in local treatment 
by virtue of their direct anti-inflammatory action on the corneal and con- 
junctival tissues. Amelioration of symptoms and improvement of vision 
corresponded with reduction of vascular hyperemia and mucoid exudate. 
There was usually a definite decrease in the corneal filaments and staining 
reaction, but this latter finding was not invariably the rule. Topical therapy 
did not lead to any increased lacrimal secretion as measured by Schirmer’s 
test. : 

Five patients, three of whom had obtained only slight benefit from the use 
of cortisone, all received marked benefit from the sealing of the lacrimal 
puncta. Increase in the values given by Schirmer’s test was sometimes 
noted, but was not so striking as in the cases recorded by Holm (1949). 
It is considered that although sealing the lacrimal puncta is the most effective 
treatment of severe kerato-conjunctivitis sicca, it may give rise to troublesome 
epiphora and should therefore be reserved for the more severe or persistent 
cases who either show an inadequate response to local cortisone therapy or 
who require prolonged treatment. | 


Summary 


Twelve cases of kerato-conjunctivitis sicca are described. Cortisone 
eye-drops satisfactorily relieved symptoms in most cases. Hydrocortisone 
drops did not appear to be more effective, nor did the addition of cortisone 
eye ointment confer any extra benefit. Systemic cortisone and ACTH 
therapy were effective, but their use is not warranted in the treatment of this 
condition. 

Sealing the lacrimal canaliculi relieved the more severe cases, and this 
form of treatment is most valuable in patients who require prolonged topical 
cortisone or whose response is inadequate. 

We gratefully acknowledge the invaluable advice and co-operation of Dr. G. I. Scott of 


Edinburgh Royal Infirmary, and Dr. J. J. R. Duthie of the Northern General Hospital, Edinburgh. 
During the period when this work was undertaken, the Rheumatic Unit, Northern General 
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Hospital, was in receipt of grants from the Nuffield Foundation and Medical Research Council, 
and one of us (S.E.) received a grant from the W. H. Ross Foundation (Scotland) for the 
Prevention of Blindness. 

The cortisone and ACTH used in the treatment of several of these patients was supplied by 
the Medical Research Council, to whom we are indebted. 
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PRISCOL. AND RETINAL ARTERY OCCLUSIONS* 
PRELIMINARY REPORT 
BY 


LLOYD M. WEEREKOON 
Western Ophthalmic Hospital, London 


OccLusion of the retinal arteries often ends tragically in various grades of 
visual loss chiefly because it is seen too late for effective treatment. This is 
especially so in central artery occlusions, where there is sudden, total loss of 
visual acuity that is seldom overcome, despite heroic treatment. Branch 
occlusions have the consolation of a retained, perhaps restored, central vision 
with some degree of visual field. 


Few instances of complete or partial recovery of vision after central artery 
occlusion have been reported in the literature. Levitt (1948) reported a case 
in a young woman aged 19 years who suffered sudden loss: of vision from 
occlusion of the cilio-retinal artery. This recovered almost completely after 
treatment which included daily intravenous injections of sodium nitrite for 8 days, 
followed by full courses of nicotinic acid and erythrol tetranitrite orally for a 
whole month. Galla (1948) had a case of total obliteration of the central retinal 
artery in a man aged 65 years. The patient was treated with retrobulbar nicotina- 
mide, with paracentesis and nicotinic acid intravenously and amyl nitrite inhala- 
tions; there were no immediate effects, but the vision had improved to 5/12 by 
the next day. Michaelson (1948) treated a woman aged 41 years who had an 
occluded macular branch of the inferior temporal artery with visual loss amounting 
to “counting fingers” at one metre. She was given retrobulbar acetylcholine. 
In a description of the subsequent changes in the retina, Michaelson stated that the 
visual acuity 6 weeks later was 6/24 with correcting glasses. Thompson (1948), 
in a case of central retinal artery occlusion diagnosed 25 minutes after the onset 
of symptoms and treated with vasodilator drugs, reported a return of normal 
central vision and visual fields. Thiel (1951) reported five cases of occlusion of the 
central retinal artery treated with retrobulbar priscol. There was complete re- 
covery in one case, and failure in the remainder was attributed to delay in beginning 
treatment. Cantrell (1953) reported a case of embolism of the macular branch of 
. the superior temporal artery giving a central scotoma. Retrobulbar priscol was 
administered and resulted in full recovery of vision. While the retina was being 
examined the embolism was observed to shift from the first bifurcation to the 
second and then to disappear as it was carried out towards the periphery. 


The present report was suggested by the rather remarkable coincidence of 
three successive cases seen at the Western Ophthalmic Hospital within 2 
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months. They were given retrobulbar priscol with or without amy] nitrite 
inhalations. Two patients recovered central visual acuity, though with the 
field defects still present; the third improved subjectively. 


Priscol (2-benzyl-4:5-imidazoline hydrochloride)* is one of a series of 
imidazoline compounds first synthesized in 1937. Its action is sympathi- 
colytic and adrenolytic, and whether given orally or parenterally, it produces 
generalized vasodilatation. _Its successes in the field of peripheral vascular 
disorders prompted its use in retinal vascular conditions (retinal artery 
occlusions, senile macular degeneration, and retinitis pigmentosa). According 
to Grimson and others (1947; 1948), the drug acts on the sympathetic nerve 
terminals in the smooth muscle of the peripheral arteries and arterioles, 
producing its effect by two mechanisms: 

(i) blockage of the sympathetic vascular receptors, 

(ii) direct histamine-like effect on the small vessels. 

When it is given by retrobulbar injection, dilatation of the retinal vessels 
results, combined with a fall in retinal arterial pressure (Gandolfi, 1947). 

When it is given intravenously the results are variable. According to 
Fanta (1949) intravenous priscol may even produce constriction of the retinal 
vessels; he advocates a simultaneous combination of retrobulbar priscol with 
amyl nitrite inhalations. 

It has been noticed clinically that the effect on the general blood pressure 
is very variable; when given intravenously or in very large doses, the blood 
pressure may be reduced, but in most cases it is unaffected, probably because 
by its direct action on the heart muscle together with coronary dilatation, 


‘the increased cardiac output balances the fall in pressure due to peripheral 


vasodilatation. 

As in other vasodilator therapy, mild side-effects (flushing, feeling of 
warmth, gooseflesh, nausea, abdominal discomfort, and tachycardia) have 
been reported; but these are transient, occurring only in the early stages of 
treatment. In the cases reported here, flushing of the face appeared within 
a few minutes of treatment, but no other general disturbances were noted. 


Case Reports 
Case 1, a married woman aged 59 (Fig. 1, overleaf), was seen in the Casualty Depart- 


ment of the Western Ophthalmic Hospital on the morning of October 15, 1953, complaining 
of sudden loss of vision in the left eye, first noticed at about 10 a.m. that same morning. 


There was no previous history of visual loss. 

Examination.—Visua) acuity 6/5 in the right eye, counting fingers at 6 in. in the left eye. 
Both pupils were active. The right fundus showed marked nipping of veins at arterio- 
venous crossings, but otherwise nothing abnormal was detected. The left; fundus showed 
a disc normal in colour, and arteries constricted into thin lines with distinct fragmentation 
of the blood column in the superior temporal artery. No to-and-fro movement was 
noticed. There was a localized oedema over a broad area on either side of the affected 
artery and extending nasally to the superior nasal artery. This oedema presented in the 
form of fine striae extending from the disc outwards. The macula was normal. There 
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Fic. 1.—Case 1, lefteye. Target 1° white. 


was some nipping of the veins at the arteriovenous crossings. Blood pressure 180/100. 
Heart within limits, sounds normal, no murmurs. 
Blood Wassermann reaction (done subsequently) negative. 


Therapy.—At 12.35 p.m., priscol 0:01 g. was given retrobulbarly, followed immediately 
by an inhalation of amyl nitrite and ocular massage. At 2 p.m. visual acuity in the left 
eye was 6/60, and at 4 p.m. it was 6/24 (pupil still under mydriatic). The patient was then 
given one tablet priscol three times daily, and oral nicotinic acid 250 mg. daily in divided 
doses, and asked to report again. The next day, visual acuity in the left eye was 6/9 (iii). 
Oral treatment was continued for 2 months. 


Result.—On her discharge on December 20, 1953, visual acuity in the left eye was 6/9 
(ii), and blood pressure 180/90. 


Case 2, a man aged 43 (Fig. 2), was seen on December 2, 1953. He stated that a 
“ curtain ” had come over his right eye at about 9.15 p.m. on the previous evening with 
complete loss of vision. The next morning he found that he could not see at all below the 
horizontal when looking straight ahead. He also volunteered a history of sudden com- 
plete loss of vision about 2 months previously which had lasted about a minute or two. 


Examination.—Visual acuity in the right eye 6/36, in the left 6/6. In the right fundus a 
retinal oedema extended over a wide area from the disc upwards on either side of the two 
superior arteries; on the temporal side the oedema extended a short distance below the 
macular branch of the superior temporal artery. Off-shoots from this artery were not 
visible. The macular area was spared. The disc margin was clearly visible for three- 
quarters of its circumference, but slightly blurred above. lll the arteries were very 
constricted, and showed as more or less straight lines. There was no nipping of the veins. 

In the left fundus nothing abnormal was detected. 

Wassermann reaction negative. 

Blood pressure 140/100. 

Heart, nothing abnormal. 


Therapy.—3.50 p.m. retrobulbar priscol 0-025 g., with simultaneous administration of 
a capsule of amyl nitrite. At 4.30 p.m. visual acuity in the right eye (pupil under mydriatic) 
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180 BO 
(a) December 2, 1953. (b) March 5, 1954. 
Fic. 2.—Case 2, right eye. Target 1° white. 


was 6/36. At 6.30 p.m. (with the pupil still dilated) it was 6/18. The patient was put on 


priscol and nicotinic acid orally, and the next day the visual acuity had come down to 
6/24. He was given a second priscol injection of 0-025 g. retrobulbarly, and an hour later, 
had reached 6/18 again. His vision gradually improved over the next few days, being 6/9 
4 days later after a third injection of priscol. 


Result——The retinal oedema had disappeared by December 14, 1953, and oral treat- 
ment was continued until March 5, 1954, when his visual acuity was 6/5. 


Case 3, a man aged 71 attended the Western Ophthalmic Hospital on November 
23, 1953, with a history of sudden loss of vision in the right eye 7 days before. There was 
no history of previous visual loss. 

Examination.—Visual acuity in the right eye hand movements only; in the left eye 6/6 
(iii). The right pupil was inactive to light. The right fundus showed marked retinal 


oedema with a cherry-red spot at macula. The arteries very irregular in calibre, and the 
blood column was broken in the superior temporal artery. The veins were full, with 


nipping at the arteriovenous crossings. The disc margins were blurred. 
Blood pressure 180/110. 


Heart, nothing abnormal. 
Wassermann reaction, negative. 


Therapy.—3.40 p.m. 0-025 g. priscol given retrobulbarly. 4.15 pm.. Subjective im- 
provement only. The patient was sent home on oral priscol and nicotinic acid. 

Results.—The next evening the visual acuity in the right eye was 6/60 barely. Oral 
treatment was continued for a month but no further improvement was seen. 


Discussion 

Three cases obviously provide insufficient material for dogmatism, but a 
few points may be stressed. 

It appears that an element of spasm is present in most, if not all, cases of 

occlusion of the retinal arteries from whatever cause; and alleviation of this 

spasm, even if it has been present fo1 a long period (up to 7 days, in one case 
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reported here), does result in some restitution of vision: As a corollary, 
intensive vasodilator therapy should not be withheld in even apparently 
hopeless cases and should be persisted in for at least a month. Other ob- 
servers are agreed on this point (Lijo Pavia and Lis, 1947; Levitt, 1948; 
Hoang-Xuan-Man and Bailliart, 1948). Parental vasodilator therapy,. 
preferably by retrobulbar injection, should be given in the first instance as an 
initial dose, followed by prolonged treatment with the same type of drug 
orally. Of these, priscol appears to be the drug of choice by reason of its 
low toxicity and freedom from side-effects. Furthermore, when given retro- 
bulbarly, it is quite painless, and appears to be free from the complication 
of ocular palsies associated with a retrobulbar injection of acetyl choline 
(Payne and Reed, 1954). To produce a heightened effect, a combination of 
such drugs is recommended, viz. oral nicotinic acid and priscol simultaneously. 
The only contraindications are peptic ulcer and coronary disease. 


Summary 


Three cases of occlusion of the retinal artery treated with retrobulbar 
priscol and amyl nitrite are reported, with a brief review of the relevant 


literature. 
A case is made for an initial retrobulbar injection of the drug, followed by 


prolonged oral treatment with a combination of vasodilator drugs. 


My thanks are due to Mrs. Philippa Martin, M.S., F.R.C.S., Surgeon, Western Ophthalmic 
Hospital, for her encouragement in the preparation of this paper. Acknowledgment is also made 
to the CIBA Laboratories for much useful information on the chemistry and pharmacology of 
priscol. 
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READING TEST IN GLAUCOMA* 


BY 


ALAN HIGGITT anD REDMOND SMITH 


From the Glaucoma Clinic, Institute of Ophthalmology, University of London 
Director of Research: Sir Stewart Duke-Elder 


LITTLE attention has been paid to the effect of reading on the tension of the 
glaucomatous eye. The first brief reference to the subject is by Gradle 
(1931): 

The reading test is still less likely to be positive (than the water-drinking test), but is 
of very definite value when it isso. The patient is told to concentrate upon any form of 
reading, preferably fine print at a close range, and the tension is then measured after 
forty-five minutes. When positive the increase in tension will seldom be more than 
10-15 mm. Hg. 

Several authors (Duke-Elder, 1940; Sugar, 1951) quote this paper but 
give no data of their own on the matter. 
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Fic. 1.—Case 1, showing change of tension during water-drinking and reading 
tests. Shading of rectangles adjoining base line shows extent to which angles of 
___ anterior chambers were closed by apposition of iris root to trabecula. 


*Received for publication July 27, 1954. 
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Reading is a common occupation, so that this neglect of the reading test 
is somewhat surprising unless it be due to the rarity with which positive 
results are obtained. We have recently had the opportunity of studying two 
cases of glaucoma in which ocular close work, such as reading or sewing, 
brings on haloes; it is with these two patients that this report is concerned. 


Case Reports 

Case 1, a seaman aged 28, had had recurrent attacks of misty vision association with 
rainbow haloes around lights and aching over the eye for the previous 4 years. The 
trouble had started with the left eye, but more recently the right had also become affected. 
These attacks occurred nearly every time he read for more than about a quarter of an hour. 
An intelligent man, he was unable to advance at all in his profession as all attempts at 
study were rapidly terminated by a sub-acute attack of congestive glaucoma. Visits to 
the cinema caused no symptoms and his attacks were relieved by a period of rest or sleep. 

Apart from the condition of the angles of the anterior chamber to be described later, 
no ocular abnormality could be found on routine examination. Vision was 6/5 in each 
eye with insignificant manifest hypermetropia. The anterior chambers were of average 
depth, the discs were healthy, and the visual fields full. 

Gonioscopy revealed narrow angles with a little ciliary band visible below. The angle 
of the right eye became very narrow from 9 to 11 o’clock, a corresponding but more 
extensive region in the left eye, from 1.30 to 4 o’clock, being closed by trabecular peri- 
pheral anterior synechiae. The angles differed from the usual appearance in cases of 
congestive glaucoma in which the iris is markedly convex and tends to assume a bombé 
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Fic. 2.—Case 1, comparing the effect of dark-room test and reading test, and 
showing inhibition of response to reading caused by pilocarpine. 
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form at the periphery (Chandler, 1952). Here the irides were noticeably more flat, the 
narrow neck of the sinus being due to an abrupt angulation at the root of the iris. No 
obvious change in the width of the angle could be seen on asking the patient to fix a near 
object. A slight “ off/on ” excursion of the iris root was present on switching the slit lamp 
off and then on again, but this excursion did not appear to be sufficient to cause complete 
closure of the angle. : 

When he was first seen the tension of each eye was normal, but it rose to pathological 
levels after as little as 20 minutes reading. The response to provocative tests is shown in 
Figs 1-3. 
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Fic. 3.—Case 1, showing effect of homatropine 1 per cent. instilled into right eye. 
At first reading for 45 minutes has no effect on either eye. Later the tension of the 
left eye rises after reading, that of the right remaining normal. 


The salient features were that the dark-room and water-drinking tests were both 
negative, but that the tension of both eyes could be made to go up and down at will 
vy alternating reading of average-sized print with just sitting quietly. When the 
tension went up a previously open angle was found to have closed. This rise of 
tension occurred whether the reading was done sitting up or supine, so it was not 
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caused by a dropping forward of the lens by gravity. The right pupil was 
dilated with homatropine; this closed the angle from 9 to 11 o’clock but the 
tension remained normal. Reading then had no effect on the tension of this eye 
although the left eye became hard. Méiotics also prevented this unusual reaction 
to reading; indeed, the patient is now using pilocarpine 0-5 per cent. twice daily 
to each eye with complete relief of symptoms. Milotios were without effect on 
the appearance of the angles. ‘3 


Case 2, a housewife aged 44, had experienced haloes and misty vision for 5 years in the 
left eye and for 2 years in the right eye also. These phenomena were brought on by any 
ocular close work such as reading or sewing, occurred at any time of the day, and were 
relieved by rest or sleep. Attacks were not provoked by visits to the cinema. 

As with the first patient, routine examination disclosed no ocular abnormality. Visual 
acuity was 6/6 in the right eye and 6/6 partly in the left, with no significant refractive 
error. The anterior chambers were of average depth, the discs healthy, and the fields full. 

Gonioscopy of the right eye disclosed an angle of medium width below, which became 
extremely narrow above, the iris almost touching the posterior trabecula. The angle of 
the left eye showed about 50 per cent. trabecular peripheral anterior synechiae, these 
occurred mainly in the upper half of the angle, but some were also present on either side 
of a medium and open segment below. Here again the irides were relatively flat at the 
periphery with no trace of the bombé tendency seen in cases of congestive glaucoma 
(Fig. 4). An “ off/on” excursion of the iris root was present, but without complete 
closure of the angle. Accommodation revealed no apparent change in the angle. 





Fic. 4.—Case 2, gonioscopic appearance of right eye. 


Without medication, the tension of the right eye was usually within normal limits; 
on occasion, however, it would rise to about 40 mm. Hg Schiétz. The tension of the left 
eye was more variable and was usually high when without medication. Water-drinking 
and dark-room tests had no significant effect on the tension. 


Fig. 5 (opposite) shows the rise of tension after reading for 30 min. A similar result 
was obtained on several occasions, the tension rising after a period of reading and 
falling again while the patient was sitting quietly. The increased tension was associated 
with closure of the angle, the left one being almost completely shut when the tension 
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rose to 56mm. Hg. The right eye behaved 
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Fic. 5.—Case 2, showing change of tension 


when reading (unmedicated). 


sified? They have a type of episodic 
glaucoma, without regular diurnal 
pattern, in which increase of tension 





reading reading 
Ser < —> 
30- ,O---—----oO—__LEFT EYE 
a “i Bc Se, a) 


= 


Oo -- - 


20 


OCULAR TENSION 
(mm. Hg Schiétz) 


10 


: RIGHT EYE 








10 Hy 12 


13 14 1S 16 


iS; 
eft 


TIME IN HOURS 
Fic. 6.—Case 2, showing effect of dilating both pupils by atropine; reading no 
longer has any significant effect on the tension. 


appears to be due to closure of the angle of the anterior chamber. Thus 
they have the same immediate mechanical cause as the group of “ narrow 


ng angle glaucoma” described by Barkan (1938). They are not, however, typical 
a of the usual case of congestive glaucoma which has quite different precipi- 
a tating factors, most of which would appear to act by causing a mydriasis, the 
ne dark-room test. (Higgitt, 1954), visits to the cinema (Miller, 1953), the 








instillation of mydriatic drugs (Sugar, 1941), or emotional upsets being the 
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main exciting causes in such cases. The two patients described here respond 
to none of these, the only regular exciting factor being prolonged accommo- 
dative effort, whilst mydriasis reduces the tension to a normal level. 

It is suggested that these differences in behaviour may reflect differences in 
the anatomy of the angles of the anterior chamber. There is no question here 
of a passive ballooning of the periphery of the iris. Even when the angle is 
closed by apposition of the root of the iris to the corneo-scleral trabeculae, 
the rest of the iris remains relatively flat. The appearance is as though an 
ectropion of the ciliary body had occurred through a rotation around the 
scleral spur. If this movement does indeed take place as a result of accom- 
modation, it is a delayed effect as no immediate change could be seen when 
either patient fixed a near object. ° 

The one really paradoxical-feature is that pilocarpine controlled the tension 
of the first patient. Even when used in sufficient concentration to cause 
ciliary spasm the angle remained open and the tension normal. Yet accom- 
modation when pilocarpine was withheld caused a rapid rise of tension. 

Reading appears to be without effect on the tension of the more common 
type of congestive glaucoma. We have not studied this reaction on a large 
scale, but six patients with a marked response to the dark-room test showed 
no change of tension after intensive reading. An occasional positive response 
in this condition would be without much significance, as such patients are 
liable to spontaneous changes in tension which could well be precipitated 
by a visit to the glaucoma clinic. 

The conclusion to be drawn from a study of these two patients is that 
closure of the angle of the anterior chamber in congestive glaucoma may in 
certain cases be effected by a change in configuration of the. ciliary body. 
Such cases are in contrast with the more common variety, in which there is 
a change in the iris itself, such as ballooning due to pupillary block, or 
bunching due to pupillary dilatation. 


Summary 
Two patients suffering from an unusual type of congestive glaucoma are 
described. Accommodative effort, such as reading or sewing, was the 
precipitating factor, the tension being reduced to normal levels by mydriatic 
drugs. Miotics also controlled the tension in one patient, but were without 


beneficial effect upon the other. 
Increase of tension was associated with closure of the angle of the anterior 


chamber. It is suggested that during accommodation a rotation of the ciliary 
body occurred about the scleral spur and that this caused apposition of the 
root of the iris to the corneo-scleral trabeculae. 
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CHLORPROMAZINE (LARGACTIL) AS A 
PREMEDICATION IN OPHTHALMIC SURGERY* 
BY 


J. GIBSON MOORE 
London 


AN attempt has been made to assess the value of chlorpromazine (Largactil) 
as a premedication before operation. This drug has been described as 
having a marked cerebral depressant action (Delay and Deniker, 1953), 
and a definite action in calming psychomotor activity (Winkelman, 1954), 
being anti-emetic (Friend and Cummins, 1953), enhancing the value of other 
analgesic drugs, and reducing pain (Sadove and others, 1954). All of these 
reputed properties would be helpful in ophthalmic surgery and any drug 
which could produce a state of emotional disinterestedness without apparent 
loss of intellect must command our attention. 

Anaesthetists have been extremely interested in the use of chlorpromazine 
often in conjunction with promethazine in the production of hypothermia, 
and claims have been made that danger is greatly reduced in “ poor-risk ” 
cases through the absence of post-operative shock (Smith and Fairer, 1953). 
Operative shock is not a factor requiring special consideration in ophthalmic 
surgery, but the patients’ nervousness may be allayed by the oral use of this 
drug before operation, and the operation itself may be performed under local 
anaesthesia. 


Material 


A series of 58 patients received chlorpromazine as a premedication before 
surgery (see Table); 36 others acted as “‘controls’’. Out of a total of 94, 68 
operations were for cataract, ten for glaucoma, four for retinal detachment, and 
the remainder for miscellaneous conditions such as dacryocystorhinostomy. 

The period of hospitalization before operation was 4 days; a longer stay than 
this was often inconvenient and a shorter stay would not allow sufficient time for 
the drug to act. Each patient was asked whether they had been using any type 
of sedative at home which might confuse the results and if so this was discontinued. 

Three patients were operated upon under genera) anaesthesia, after use of the 
drug (see p. 111). 

In an investigation of this type one is straight away confronted with the difficulty 
of lack of rigid controls, and much reliance has to be placed on clinical judgement 
which is notoriously unreliable. The only available method is to make the patients 
themselves become their own controls. Before admission I prescribed alternative 
premedication and the house surgeon or sister chose one or the other at random, 
so that I did not know until the end of the operation whether or not the patient 
had been given chlorpromazine. 


*Received for publication November 29, 1954 
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Dosage 


When chlorpromazine was given the following dosage schedule was adhered to 
irrespective of body weight. 
Istday - - - - - = 50mg. twice daily by mouth. 
2nd, 3rd, and 4th day - - 50mg. three times daily by mouth. 
45 minutes before the operation 2 gr. sod. amytal. 


More than 4 days’ premedication was not practicable, and the long period of 
7 or 8 weeks described by Elkes and Elkes (1954) was clearly impossible. 


Results 


The patients’ behaviour at operation was divided into three groups: 
excellent, good, and unco-operative (Table). It was easy to place cases in the 
third group, but it will be appreciated that it was often difficult to distinguish 
between “excellent” and “good”. Nevertheless, an attempt was made to 
classify each patient as accurately as possible. With regard to the pre- 
operative course, it became clear that chlorpromazine has an unpredictable 
effect when given by mouth alone. In many cases it hada marked effect 
in reducing anxiety and tension, and in these the operation proceeded so 
smoothly that the patient’s “reactions” were non-existent, but in others it 
was difficult to judge whether the drug was having any effect at all. 


TABLE 
RESULTS OBTAINED 





| Patients’ Behaviour 

















Drug Used 
| Excellent | Good | Unco-operative | Total 
| No. | 35 | 23 | Nil 58 
Chlorpromazine | 
| Per cent. | 60 | 40 — 100 
. | a a ee lee 3 36 
Barbiturate 
| Per cent. | 50 | 41 9 100 











» The analysis shows that the only three rather unco-operative patients had 
received a barbiturate (phenobarbitone) alone. The percentage of excellent 
cases was greater (60 per cent.) among the patients given chlorpromazine 
than in the rest (50 per cent.) and the ‘‘ good” cases show approximately 
the same proportion. 

Questioning the patients afterwards proved to be of little value. Most 
patients are so grateful after operation that their answers are biased, and 
after discharge from hospital their memory for detail is often lost. Three 
patients volunteered the information that the drug given produced a “don’t 
care ”’ feeling and removed all fear of the operation, but most of the others 
merely became drowsy and their response could only be judged by their 
quiet behaviour on the table. 
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Reverting to clinical impressions alone, I thought that chlorpromazine 
given in the doses mentioned did produce a calmer, more co-operative 
patient. It seems to me that barbiturates given alone may make a patient 
drowsy even to the point of sleeping, but do not diminish the fear of and 
reaction to the pain produced by the necessary injections, nor do they allay 
pre-operative anxiety. Chlorpromazine seems to produce a more relaxed 
patient, and an uneventful post-operative period. 


Complications.—Various complications have been described, such as 
tachycardia, jaundice, polyuria, dryness of the mouth, and gastro-intestinal 
upsets, but with the doses given none of these was encountered in the 
present series. In the cases in which a profound effect was produced by the 
drug a certain degree of pallor of the skin was noticeable, and this will give 
a clinical indication of whether or not the drug is effective. 


General Anaesthesia 
The results obtained in three cases under general anaesthesia were 
uniform. Numerous reports in the journals of other specialties assess the 


value of the drug in other types of operation. 


Case Report.—A typical result (a case of retinal detachment) is recorded below. 
General anaesthesia was selected in this case because the patient was of low intelligence, 
uneducated, and grossly apprehensive. 

9.30 a.m. Premedication: Chlorpromazine 50 mg. orally; atropine 1/100 g. intramuscularly. 
9.55 a.m. Intravenous injection of pethidine 150 mg. and Largactil 100 mg. in two divided 


doses over a period of 20 minutes. : 
10.15 a.m. Patient asleep but able to respond to questions in a drowsy fashion. 


10.30 a.m. Insertion of nasopharyngeal airway lubricated with xylocaine ointment. Only 
slight reaction. Injection of thiopentone 0-25 g. 

10.30 a.m. Operation commenced. 

11.10 a.m. Operation ended. 

12.30 p.m. Airway removed. No coughing. : 

2.00 p.m. Patient conscious. »No vomiting. No nausea. No pain. 


If all cases reacted in this manner the method would bz ideal and the chief 
post-operative drawback of general anaesthesia, i.e. vomiting and coughing, 
would be avoided. If surgery is preferred under general anaesthesia this 
method deserves consideration provided skilled anaethetists are available. 


Conclusion 


Chlorpromazine (Largactil) is a satisfactory premedication before ocular 
surgery. It appears to have many advantages over the more commonly 
used barbiturates alone. However, while in some cases a state of complete 
emotional neutrality is produced, in others the drug has no noticeable effect. 
In no case has an adverse effect been observed when the drug has been 
used either orally or generally. 


REFERENCES 
Detay, J., and DENIKER, P. (1953). Thérapie, 8, 347. 
E.kes, J., and Exxes, C. (1954). Brit. med. J., 2, 560. 
FRIEND, D. G., and Cummins, J. F. (1953). J. Amer. med. Ass., 153, 480. 
Sapove, M. S., Levin, M. J., Rose, R. F., Schwartz, L., and Wirt, F. W. (1954). Ibid., 155, 627. 
Smiru, A., and Fairer, J. G. (1953). Brit. med. J., 2, 1247. 
WINKELMAN, N. W. (1954). J. Amer. med. Ass., 155, 18. 





Brit. J. Ophthal. (1955) 39, 112. 


LATE RESTORATION OF THE ANTERIOR CHAMBER 
BY SURGERY* 


BY 


H. B. STALLARD 
London 


My purpose in describing a case of restoration of an anterior chamber which 
had been absent for 44 months after a trephine operation is, first, to 
emphasize the importance of facing post-operative complications boldly 
and of taking prompt surgical action, preferably not later than the 14th day 
after operation, to remedy the situation, not procrastinating along the 
uncertain path of wishful hoping for spontaneous restoration, and, secondly, 
to show that an appropriate operation may still succeed in restoring and 
maintaining an anterior chamber after it has been absent for as long as 
44 months. 

In the case in question, a man, aged 65, had a trephine operation well 
and competently done by an experienced surgeon in a hospital outside the 
London area. His anterior chamber did not reform and he was admitted 
to Moorfields 44 months later with a painful, red, irritable eye in which the 
lens had become opaque. The trephine hole was clearly open and showed 
little cicatrization ; the bleb was very thin, white, and ectatic. Although no 
conjunctival fistula could be seen I had ‘the impression that aqueous was 
probably seeping through the thinned conjunctival epithelium. 

If it is evident in such a case that either the trephine hole is draining too 
freely or that there is a minute conjunctival fistula, then it is essential either 
to close the trephine hole or to reduce the amount of drainage through it, 
and certainly when a conjunctival fistula is present in the bleb this must be 
sealed. Unless this is done the air injected into the anterior chamber to 
reform it will escape and the anterior chamber will again become absent. 


Operation.—To effect this closure, the bulbar conjunctiva is incised at the 
limbus from 9 to 3 o’clock and is undermined for about 8 mm. The thin, 
ectatic, and avascular bleb including any fistula is excised. 

The trephine hole may be occluded either by a tongue of Tenon’s capsule 
reflected from above it, or by a 0-5-mm. thick lamellar scleral disk of appro- 
priate size (generally 1-5 mm. in diameter) taken from the site elected for 
cyclodialysis, 6 mm. from the limbus in the upper temporal quadrant. 
Either the flap of Tenon’s capsule or the scleral disk is fixed to the edge of the 
trephine hole by a 0 black silk suture which is carried through the con- 
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junctival flap 3 mm. above its lower edge in line with the trephine hole, 
then through one edge of the trephine hole concentric with the limbus, then 
through either the scleral disk or the flap of Tenon’s capsule now placed in 
the trephine hole, then through the 
edge of the trephine hole opposite to 
the entry of the suture, and thence out 
through the conjunctiva 3 mm. from 
its cut edge and 1-5 mm. to the side of 
the entry site (Fig. 1). This suture is 


Fic. 1.—Conjunctival hood flap undermined Fic. 2.—Trephine hole occluded and covered by 
and reflected upwards. Bleb excised. Scleral scleral disk and conjunctival flap. Conjunctival 
lamella 1:5 mm. diameter and 0-5 mm. thick hood flap brought up to limbus by mattress 
placed in trephine hole and secured by suture sutures at 9 and 3 o’clock. 

which traverses conjunctiva, trephine hole 

margins, and scleral lamella. 


now tied in such a way that the trephine hole is occluded and covered by the 
conjunctival flap. 

Cyclodialysis is now done in the upper temporal quadrant and sterile air 
is injected along this track into the anterior chamber. Mattress conjunctival 
sutures of 0 black silk placed at 9 and 3 o’clock draw the edge of the con- 
junctival hood flap up to the limbus (Fig. 2). 


Post-Operative Course.—The air remained in the anterior chamber for 
8 days before absorption was complete. The sutures were removed on the 
9th day after operation. 


Result 


The anterior chamber has remained about 3 mm. deep in the centre, and 
the eye has settled down free from pain, injection, and lacrimation. The 
intra-ocular pressure has remained within physiological limits. 
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RETINAL PIGMENTATION DUE TO CHOROIDAL 
MELANO-SARCOMA 


WITH OBSERVATIONS ON CONGENITAL GROUPED 
PIGMENTATION OF THE RETINA* 


BY 


ALEXANDER LINDSAY 
Manitoba Clinic, Winnipeg 


A ForM of grouped pigmentation of the retina may occur in association with 
detached retina due to choroidal melano-sarcoma and, when present, is 
probably diagnostic of this disease. Grouped pigmentation of the retina 
also occurs as a congenital stationary condition. Two cases of the former 
and three of the latter are presented below. Evidence is given that both 
forms of pigmentation may be due to deposition of pigment epithelial cells 
on the posterior surface of the retina from circulating subretinal fluid. 


Case Reports 


Case 1, a middie-aged man, atiended Sunderland Eye infirmary in December, 1946. 
The fundus of his right eye (Fig. 1a) showed a markedly swollen and enlarged optic disc. 
The appearance differed from that of papilloedema in that the physiological cup was 
clearly defined. A slightly grey nodular mass, with dark stippling of its lower part, pro- 
truded from the lower nasal quadrant of the disc. From the disc to the lower periphery 
of the fundus the retina was detached. No haemorrhages or exudates were visible. 
Pigment in the area of retinal detachment was distributed as follows: 

(a) Group of eight large spots situated below the inferior temporal branches of the central 
retinal vessels ; 

(6) T-shaped stippled area infero-temporal to the optic disc. The horizontal limb of the T 
was more dense than the vertical limb and had upturned ends. The vertical limb was of 
diminishing intensity and width from above downwards. 

(c) Two stippled patches, one near the infero-medial margin of the optic disc and the other 
about one-and-a-half disc diameters below the disc. 

(d) Small spots distributed along the peripheral branches of the retinal vessels. 

(e) Irregularly scattered small spots in the lower periphery. 


Two weeks later the eye was again examined and the various changes were seen to have 
taken place (Fig. 15). The optic disc was more swollen, Nodular swellings had ap- 
peared all over the disc with the exception of a small temporal area and the region of the 
optic cup. The original swelling was larger and darker. Many striate and blotchy 
haemorrhages had appeared at the optic disc and in the detached part of the retina. The 
pigment changes consisted of disappearance of the large pigment spots (A), increase in 
extent and intensity of the stippled T-shaped area (B), and some alteration in the position 
and size of the stippled patches (C). The eye was excised. 

Histological Examination—A highly vascular mixed-cell melano-sarcoma of the 
choroid spread out deep to Bruch’s membrane in the region immediately below the optic 
disc. Bruch’s membrane was intact and the tumour had invaded the optic disc. 
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RETINAL PIGMENTATION 


B B 
Fic. 1(a).—Juxta-papillary melano-sarcoma with Fic. 1(b).—Same eye as Fig. 1(a) 2 weeks later, 
detached retina showing pigmentation. when the large pigment spots had disappeared. 
(A) Group of large pigment spots. (B) . T-shaped area of pigmentation; more dense 
(B) T-shaped area of stippled pigmentation. and extensive than previously. 
(C) Stippled patches. (C) Stippled patches. 
Case 2, an elderly female, attended Glasgow Ophthalmic Institution in 1948. Her 
right eye was blind with funnel detachment of the retina and markedly raised intra-ocular 
pressure. A dark mass was visible in the angle of the anterior chamber on the temporai 


side. Slit-lamp examination showed large golden-coloured pigment spots on the posterior 
retinal surface. 

The eye was excised and a drawing made of the retina after removal of the cornea, iris, 
and lens (Fig. 2). The pigment was distributed as shown in the drawing and resembled, 


Fic. 2.—Retina of right eye 
in Case 2 after removal of 
cornea, iris, and lens, to show 
appearance and distribution 
of pigment spots. 
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in appearance, the large pigment spots (A) in Case 1. It should be noted that the spots 
were situated at the upper and lower margins of the lateral retinal fold and at the nasal 


margin of the inferior fold. 
Histological Examination.—A heavily pigmented mixed-cell melano-sarcoma involved 


the choroid, ciliary body, and iris on the temporal side. The tumour was entirely 
anterior to the equator. The pigment, previously seen with the slit-lamp, consisted of 
masses of pigment epithelial cells situated on the deep surface of the retina. 

Comment on Cases 1 and 2.—Since Bruch’s membrane was intact in Case |, it is 
probable that the pigment spots (a) were not composed of tumour cells. That they 
disappeared in a period of 2 weeks suggests that they were situated on the posterior 
surface of the retina rather than within the retinal tissue. In Case 2 the pigment 
spots consisted of clumps of pigment epithelial cells situated on the posterior 
surface of the retina. Probably the spots in both cases were similar except for 
their number and distribution. 

The pigment distribution in Case 2 could have been due to deposition of pigment 
epithelial cells from the subretinal fluid in the presence of a convection current pro- 
duced by a relatively high tumour temperature. The flow of subretinal fluid 
would be postero-medial in the upper half of the eye, hence the absence of pigment 
on the upper and medial retinal folds. In the lower half of the eye the flow would 
be antero-lateral with a tendency to deposit pigment on the nasal side of the lower 
retinal fold and the lower side of the lateral retinal fold. The pigment spots above 
the lateral fold would result from a lesser current in the upper outer quadrant due 
to less heated fluid gravitating before crossing the stalk of the detached retina. 

The shape and behaviour of the T-shaped stippled pigment area (B) in Case | 
also suggests the occurrence of a subretinal convection current. The curved 
horizontal part of this area might represent the site of impingement upon the 
retina of suspended pigment epithelial cells which had ascended in front of the 
tumour; the vertical part might have resulted from the deposition of cells descending 
behind the retina. The intensity and extent of this form of pigmentation increased 
during the 2-week period of observation. 


The following three cases of congenital grouped pigmentation of the 
retina attended the Manitoba Clinic, Winnipeg, during the past year. In 
each case the pigment spots were drawn, particular attention being paid to 
the distribution of the spots. In the drawings the retinal vessels were 
omitted and the distribution of the spots was outlined. All of the pigment 
was deep to the retinal blood vessels. 

Case 3, a female aged 15, whose right eye showed pigment spots, arranged as shown in 
Fig. 3 (opposite). Two somewhat S-shaped bands of pigment spots, whose curves 
correspond in direction, extend peripherally from the optic disc. 

Case 4, a female aged 15, in whose left eye the distribution of pigment was as shown in 
Fig. 4 (opposite). There are two incomplete S-shaped bands, the peripheral part of the 
band on the nasal side being double. The interrupted lines in the drawing indicate 
the probable outline of the missing parts. 

Case 5, a female aged 10, with pigment spots in her left eye (Fig. 5, opposite). Some 
small pigment spots are present in the macular area and there are two bands of spots in 
the upper temporal quadrant of the fundus. 


Comment on Cases 3 - 5.—The S-shaped arrangement of the pigment spots 
(Fig. 4) is probably not incidental, since it can also be seen in published drawings by 
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RETINAL PIGMENTATION 





Fic. 3.—Congenital grouped pigmentation of Fic. 4.—Congenital grouped pigmentation of 
retina, showing typical S-shaped distribution retina, showing two incomplete S-shaped bands 
of spots, in two bands with corresponding curves. of pigment spots with branching of one peri- 


pherally. 





Fic. 5.—Congenital grouped pigmentation of Fic. 6.—Shaded areas approximately represent 
retina, showing two short bands of spots in parts of retina, before detachment, which would 
same meridian, and involvement of macular area. form folds in such a case as Case 2. 


H6eg (1911), Holm (1921), Blake (1926), and Perera (1939), the last-mentioned 
showing three such brands with curves which correspond in direction. 

The shaded areas in Fig. 6 are approximately those composing the retinal folds 
in Case 2 ; the margins of these areas resemble the S-shaped distribution of spots 
mentioned in the above cases of congenital grouped pigmentation. Correspond- 
ing margins have corresponding curves. During development, the retina may 
sometimes be sufficiently detached to form folds, free pigment cells in the subretinal 
fluid being deposited on them and giving rise to S-shaped bands of pigment spots 
which persist as congenital grouped pigmentation. 

The branching of a retinal fold may account for the double nasal band of spots 
in Case 4. The arrangement of pigment in Case 5 suggests the occurrence of two 
short retinal folds, instead of one long one extending from the optic disc to the 
periphery of the fundus. 
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Discussion 

The often noted triangular sector distribution of congenital grouped 
pigmentation resembles the triangular distribution of keratic precipitates, 
which is due to deposition of cells from circulating fluid in the anterior cham- 
ber in cases of iridocyclitis. 

Pigment spots may be distributed in groups radiating from the optic disc 
like rays from the sun. This distribution is seen in a drawing published by 
Kraupa (1917) and suggests that pigment-cells have been deposited on multiple 
radiating retinal folds. ° 

The great thickness of the macular area between the 3rd and 7th foetal 
month may render it more resistant to folding, and may account for its being 
free of pigment spots in the great majority of cases. The characteristic 
congenital pigment groups, said to resemble the paw marks of an animal, 
are absent in cases of melano-sarcoma; probably because they are formed by 
division of larger spots during growth of the eye. 

I can give no reasons why circulation of subretinal fluid should occur; 
my main object has been to show that, in a number of cases, the appearances 
of congenital grouped pigmentation of the retina are such as might be ex- 
pected to result from such a circulation. 


Summary 


(1) Two cases of retinal pigmentation due to choroidal melano-sarcoma 
and three cases of congenital grouped pigmentation of the retina are described. 

(2) Reasons are given for thinking that both forms of pigmentation are due 
to deposition of pigment epithelial cells on the posterior surface of the retina 
from circulating subretinal fluid. 

(3) The large pigment spots described in the two cases of choroidal 
melano-sarcoma are thought to be characteristic of this disease. 
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CASE NOTES 


BILATERAL ESSENTIAL ATROPHY OF THE IRIS* 


BY 


P. SVASUBRAMANIAM anp T. HOOLE 
Eye Clinic, Civil Hospital, Jaffna, Ceylon 


ESSENTIAL atrophy of the iris is a rare clinico-pathological entity ; its aetiology 
is ill-understood, almost all cases reported have been unilateral, and treatment 
is of no avail. We report this case not only because it is rare, but, also 
because bilateral cases are rarer still. This case, which appears to be 
closely allied to buphthalmos, like that of Barkan which was also bilateral 
(Duke-Elder, 1940), also appears to shed some light on the probable aetiology 
of this condition. 


Case Report 


A male farmer, aged 26, was admitted to hospital on July 20, 1954, with a history of 
progressive blindness. The left eye had been blind for 3 years and the right for 3 months. 
Neither redness of the eyes nor ocular pain was a feature of his illness. A slowly progres- 
sing baldness was the only extra-ocular complaint—this he had noticed for 5 years. 


Family History.—Two brothers and parents healthy. 


Examination —A healthy muscular individual whose only extra-ocular defect was 
baldness of the frontal area of the scalp with inroads to the vertex. The skin over these 
areas was of normal texture; the hair, which was predominantiy black, was brownish over 
the vertex, and was greying at the sides. The Wassermann reaction was negative. 


Ophthalmic Investigation.—Both eyes were buphthalmic and executed a series of fine 
nystagmoid movements in the horizontal direction. Vision in each was perception of 
light.. The corneal diameters were: Right horizontal 14 mm., vertical 13mm.,; left ho1i- 
zontal 14 mm., vertical 14 mm. 

The ocular tension was 26 mm. Hg (SchiGtz) in the right eye with pressure of 7-5 and 
10 mg., and 44 and 37 mm. Hg (Schi6tz) in the left eye. The left cornea was cloudy 
because of oedema of the epithelium and substantia propria. The anterior chambers 
were deep. The irides (Figs 1 and 2, overleaf) showed two shades of brown pig- 
mentation, the paler areas having a washed-out appearance; there were multiple 
holes—pseudopolycoria. The pupils were eccentric and ectropion uveae delineated their 
borders. Strands of atrophic iris tissue showing lines of traction radiated from the pupils. 
No contraction furrows, crypts or collarettes were seen. The irides looked as though 
they had been ironed out. The left iris was tremulous opposite the three holes below the 
pupil (Fig. 2). The pupils reacted sluggishly to light. There were no keratic precipitates 
or deposits of iris pigment on the back of the cornea. : 

Through the slight dilatation that could be effected with homatropine 2 per cent. drops, 


the lenses were seen to be sclerosed but the fundi could not be seen. 
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Fic. 1.—Right iris showing eccentric pupil Fic. 2.—Left iris showing eccentric pupil 
with ectropion uveae, two holes, atrophy, with ectropion uveae, and multiple holes 
depigmentation, and lines of traction. peripherally and in the mid-zone of the iris. 


Gonioscopy showed that the angle, or rather 
the false angle, of the anterior chamber was wide 
and the appearances abnormal. The periphery 
of the iris, which formed one limb of the angle, 
presented a moth-eaten appearance, and gave 
the impression of being peeled off the cornea, 
the other limb of the angle. These appearances 
together gave a striking resemblance to large arcs 
of peripheral anterior synechiae breaking down 
Fic. 3.—Gonioscopic view of the upper at multiple points. The ciliary body, and tra- 
ne of he niga eye, showing -_ beculae, and the canal of Schlemm were not 
angle, moth-eaten appearance of the — seen, showing that the iris was attached to the 
periphery of the iris, Schwalbe’s ring, cornea at to the zone of the canal of 


and a thick band running from the : grees : 
angle to the middle of the iris. Schlemm. Anterior to the iris insertion was 


seen a thick white band—Schwalbe’s ring. Here 
and there could be seen thickish bands coated with a whitish mantle running from 
the pseudo-angle to the mid-zone of the iris into which these bands dipped rather like 
roots of a plant. At the site of insertion of these bands there were large islands of iris 
atrophy. There was no deposit of iris pigment in the angle (Fig. 3). 


Comment 


The interesting features of this case are its bilaterality and its association 
with buphthalmos; otherwise it conforms with the description of this 
condition given by previous writers. The partial baldness suggests a 
dystrophic aetiology. The association of baldness with uveal disease is 
knowninthe Vogt-K oyanagi syndrome, though this condition isinflammatory 
rather than dystrophic. 

The state of the irides, the buphthalmos, and the degree of blindness 
show that the glaucoma must have been antecedent to the atrophy of the 
iris, for in a man of this age buphthalmos could not appear if the raised 
tension were of recent origin. 
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Buphthalmos is a common concomitant of congenital aniridia in which 
there is an abnormal insertion of the fringe of iris into the angle of the 
anterior chamber. In essential atrophy of the iris it would appear that there 
is an abnormal insertion of the root of the iris into the cornea instead of into 
the ciliary body. This anatomical anomaly may be connected with the 
cleavage of the mesoderm at the angle of the anterior chamber. The whitish 
bands seen running from the false angle probably arise from the site of 
termination of Descemet’s membrane. It is probable that, owing to the 
abnormal insertion of the iris into the cornea, the blood supply to the iris 
is either absent or insufficient. 

Gonioscopic findings in this case support the view that there is an abnormal 
adherence of the iris to the cornea (Duke-Elder, 1940). An anatomically 
blocked angle caused the raised tension, and this was responsible for the 
loss of sight. The enlargement of the globe probably caused traction on the 
iris through the abnormal extensions of Descemet’s membrane. Continued 
traction would not only tear off the iris at a point opposite to the site of 
traction but would also cause a form of pressure atrophy. An attenuated 
blood supply would add an ischaemic factor and aggravate the atrophic 
process. 

It is suggested that essential atrophy of the iris is a variant of buphthalmos 
determined primarily by an abnormality at the angle of the anterior chamber. 
The parallel with congenital aniridia also points to the same conclusion. 
This may account for the fact that many of the cases so far reported are 
unilateral. 


REFERENCE 
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BILATERAL SYMMETRICAL RETINAL CYSTS* 


BY 
D. L. E. PAINE 
Shrewsbury 


BILATERAL symmetrical retinal cysts without detachment of the retina are 
relatively uncommon, although probably less.so than the number of reported 
cases would suggest. The present example was discovered on routine 
examination following an injury to one eye. 


Case Report 


A man aged 47 was brought to the out-patient department having sustained a severe 
blow from a spanner wielded by a workmate. The right lens of his spectacles had been 
broken and fragments of it, enmeshed in blood clot from a laceration of his right eyebrow, 
were lying in the conjunctival sac. These were removed. 


Visual Acuity.—6/60 in the right eye; 2/60 in the left (6/60 with his own glasses). 


Ocular movements, cover test, and visual fields to confrontation were all normal. 
Pupils were equal and active, but showed some corectopia upwards and nasally. The left 
eye was markedly hypermetropic, but disc and macula were both normal, and examination 
of the rest of the fundus at this stage revealed no abnormality which might account for the 
poor visual acuity. 

The right cornea had an extensive superficial abrasion, with a deep laceration in the 
temporal half which reached Descemet’s membrane in places, but did not penetrate it. 
The anterior chamber contained some free cells, but iris and lens were undamaged. A 
clear fundus view was not possible; no serious intra-ocular damage could be seen. After 
removal of all possible fragments of glass, atropine ointment was instilled, and the eye 
padded. 

After 24 hours the corneal abrasion had healed and fundus examination revealed a 
circumscribed area of what appeared to be retinal detachment in the temporal periphery, 
extending inwards for about two disc diameters. The contours of this detachment were 
smooth and regular, without folds, and the whole had a rather globular appearance. 
Its colour was the same as that of the surrounding retina, but the retinal vessels which 
coursed over it were rather darker than normal. No hole or tear could be found, and a 
diagnosis of post-traumatic detachment was made. A further examination of the left 
fundus, however, revealed a similar but slightly smaller detachment in a symmetrical 
situation, thus making the true nature of the condition apparent (Figs 1 and 2, opposite). 

The*patient had never had any previous eye trouble though his left eye had always 
been weak. His general health was good, and there were no signs of congenital anomalies. 


Visual Fields.—Small defects in the nasal periphery corresponding to the cysts. 
Bjerrum Screen.—Normal blind spots. 
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Fic. 1.—Right eye, showing retinal cyst in temporal periphery. 


Fic. 2.—Left eye, showing slightly smaller cyst in symmetrical position. 


Visual Acuity (with correction): 
Right 6/5 with 


+6°5 D sph. | 
+1 D cyl. at 20° 


; +6 D sph. 
Left 6/24 with + D sph. 
/24 with 5.25 D cyl. at 30° 
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Maddox Rod (with correction).—Exo 1 with no hyperphoria. 
Maddox Wing (with correction).—Orthophoric with no hyperphoria. 


Two months after the accident the cysts had not altered in any way. 


Discussion 
There seem to be two main theories concerning the mode of production of 
bilateral symmetrical cysts of the retina. 
(1) That they are due to a developmental defect, and are thus congenital in origin (Weve, 
1935; Kornzweig, 1940; Roveda and Riva, 1951). 
(2) That they are an exaggerated form of peripheral cystoid degeneration of the retina 
(Francois and Rabaey, 1953). 


Some of the facts brought forward to support the first theory are: 

(a) The exactly symmetrical position of the cysts in the two eyes. 

(b) Microphthalmos is commonly associated with retinal cysts and, as in the present 
case, these cysts are more common in small hypermetropic eyes. The retinal cysts of 
microphthalmos are not, however, altogether analogous because they tend to be herniated 
through a scleral defect near the papilla into the orbit (Neame, 1920; Mann, 1928). 

(c) Retinal folds are common during embryonic life, and may persist in small eyes into 
adult life. 

(d) The lower part of the retina is a later evolutionary acquisition, and is therefore more 
prone to developmental anomalies. This tendency can be seen in the development of 
branchial cysts in humans from the primitive branchial clefts. 


On the other hand, Francois and Rabaey have clearly proved that bilateral 
symmetrical cysts can be caused by the confluence and dilatation of the microcysts 
of peripheral cystoid degeneration... Furthermore, Teng and Katzin (1953), who 
studied a large number of normal eyes removed post mortem for the purpose of 
corneal grafting, showed that cystoid changes at the ora serrata are part of the 
ageing process, and that confluence and/or dilatation of the microcysts is of frequent 
occurrence. In several of their cases quite large cysts were present in the neighbour- 
hood of the ora serrata; these often showed holes in either the internal or external 
walls. Ifa hole should occur in the internal and external walls of the same cyst, 
it is evident that a retinal dialysis would result. This could account for the 
frequent association between retinal cysts and detachment of the retina. 

Teng and Katzin strongly. support the theory, introduced by Ochi (1927), that 
accommodation is responsible, by. reason of the motility which it causes in the 
neighbourhood of the ora, for the development of peripheral cystoid degeneration. 
This could provide an explanation for the more frequent occurrence of bilateral 
symmetrical cysts in hypermetropic eyes, in which accommodation tends to be 
excessive. 

There seems to be general agreement that there is a very strong tendency for 
bilateral symmetrical cysts to rupture ultimately and cause retinal detachment 
(Weve, 1935; Shapland, 1944; Stallard, 1946; Duke-Elder, 1949; Leffertstra, 1950). 
In view of this, early operative treatment has been advocated by many authorities 
(Goulden, 1935; Ridley, 1935; Stallard, 1946), the operation of choice being a local 
diathermy application. In the present case, it was decided to keep the patient under 
surveillance. 
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Summary 
A case of bilateral symmetrical retinal cysts is described. The theories of 


production of these lesions are enumerated and the unfavourable prognosis 
noted. 


I am indebted to Mr. E. W. Dorrell and Mr. G. T. Willoughby Cashell for permission to publish 
this case. 
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CORRESPONDENCE 


IRIDENCLEISIS IN CONGESTIVE GLAUCOMA 


To The Editorial Committee of the BRITISH JOURNAL OF OPHTHALMOLOGY 


Sirs—It is always gratifying to find oneself on the side of the angels, for which 
reason I much appreciated the paper by Mackie and Rubinstein (1954). In doing 
what they advocate I have hitherto felt some secret self-contempt for choosing a 
line of so little resistance, performing so simple an operation rather than face the 
hazards of the classical iridectomy. 

May I suggest a modification of the ab externo approach which I find advantage- 
ous. With “ Conjunctival-fold Fixation Forceps ” (Stenhouse Stewart, 1934), a 
fold of conjunctiva is held at the limbus and an incision made through conjunc- 
tiva and sclera with a BP No. 15 blade close to the jaws of the forceps. After 
the iris has been dealt with, the forceps are released, the conjunctiva springs 
back, and no suturing is necessary. This should obviate the theoretical disad- 
vantage of scarring beneath a dissected conjunctival flap mentioned by these 
authors. An advantage is that one can operate without an assistant, as the 
forceps can be turned down to rest on the drape after the incision is made, thus 
freeing both hands for attention to the iris. 

I am always surprised that Stenhouse Stewart’s excellent instrument is not more 
widely known and used. I find it admirable for a variety of purposes. 


I am, etc., 
A. J. BOASE. 


Box 43. KAMPALA, UGANDA. 
December 24, 1954. 
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BOOK REVIEWS 


Text-Book of Ophthalmology, Volume VII, Summary of Systemic Ophthalmology. 
General Index. By Sir Stewart Duke-Elder. 1954. Pp. 245 + vii. Kimpton, 
London. (25s.). 

Sir Stewart Duke-Elder has incorporated in this new volume a number of up-to-date 
therapeutic notes because, as he points out, Volume II was written before the discovery of 
sulphonamides, and since the appearance of Volume III penicillin and other antibiotics, 
together with cortisone and kindred substances, have revolutionized the treatment of 
many diseases. 
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The chapters containing the summary of systemic ophthalmology will be of immense 
value to practising ophthalmologists as well as to post-graduate students. Sir Stewart’s 
comprehensive text-book necessarily included much regional description, and so it comes 
about that accounts of the ocular lesions occasioned by some particular constitutional 
disease are to be found in several different volumes. The possessor of Volume VII, 
however, can look up the Index and be guided to a summary of, e.g., tuberculosis, syphilis, 
or diabetes. At the top of each double page is a key showing how the pages are numbered 
in the previous six volumes. 

All seven volumes are embraced by the General Index which follows the Systemic 
Summary, and it is refreshing to find how carefully the material has been prepared for 
publication. Binding and general lay-out fulfil the high standard which readers have 
learned to expect from the firm of Henry Kimpton. Sir Stewart is to be congratulated 
on Volume VII, because it so effectively rounds off his distinguished text-book. 


Neuro-Ophthalmology. By D. J. Lyle. Second edition, 1954. Pp. 591, 335 figs. 
Blackwell Scientific Publications, Oxford. (Six guineas). 


The first edition of this text-book which comprised 320 pages and 234 figures was fully 
reviewed in this journal (vol. 38, p. 385) in 1945. As is the tendency in second editions, 
there is an increase in size to 581 pages and 335 figures. The presentation of the material 
follows the same basic pattern as before but is supplemented by discussion of pathological 
processes and, when necessary, with histopathological studies. The references have been 
placed at the close of each chapter instead of being listed at the end of the book, and it is 
noted with satisfaction that the 880 references published (many of them to papers in 
British journals) have been selected from 3,174 consulted. It is unfortunate that this 
volume costs six guineas, which is a large sum for a text-book of this size. It is well 
written and profusely illustrated and, although primarily a work of reference, it can be 
read with pleasure. The subject matter is up-to-date and is comprehensive. The final 
chapter on “‘ Syndromes which include Eye Symptoms ”’ is particularly useful to the 
practising ophthalmologist, and an appendix which discusses histology is helpful in the 
understanding of the minute pathology of the lesions described throughout the text. 


Diseases of the Retina. By H. Elwyn. Second edition, 1954. Pp. 713, 243 fiigs 
(20 col.), bibl. Churchill, London. (85s.). 


In the second edition of this text-book new chapters have been added on retrolental 
fibroplasia, ocular tuberculosis, and sarcoidosis. Diabetic retinopathy is discussed in the 


. light of recent work, and the chapter dealing with essential hypertension has also been 


modified and brought up to date. The book retains the character of its first edition. It is 
readable, accurate, and well illustrated, covering many conditions familiar to the ophthal- 
mologist and the physician, and can be recommended especially to the ophthalmic 
surgeon in charge of an eye-department in a general hospital. 





NOTES 


IRISH OPHTHALMOLOGICAL SOCIETY 


THE Irish Ophthalmological Society will hold its annual meeting in Dublin on May 12, 


13, and 14, 1955. 
The Montgomery Lecture will be delivered by Dr. D. Arruga (Barcelona) at 5 o’clock 


on May 12, at the Royal College of Surgeons of Ireland. 


[OPHTHALMOLOGICAL' SOCIETY OF EGYPT 


Tue annual meeting of the Ophthalmological Society of Egypt will take place at the 
Memorial Ophthalmic Laboratory, Giza, Egypt, on March 4 and 5, 1955. Medical 
practitioners, oculists or otherwise, are cordially invited. 


CANADIAN OPHTHALMOLOGICAL SOCIETY 


Tue Annual Congress will be held on June 14, 15, and 16, 1955, at Bigwin Inn, 150 
miles north of Toronto. A cordial invitation to British ophthalmologists is extended 
by the President, Dr. P. B. Macfarlane, 610 Medical Arts Building, Hamilton, Ontario, 
Canada. 

The annual meeting of the British Medical Association is to be held jointly with the 
Canadian Medical Association in Toronto from June 20 to 24. On June 20 there will 
be meetings of the Section of Ophthalmology, over which Mr. J. W. Tudor Thomas 
will preside. Mr. J. H. Doggart has been invited to be Vice-President, and the 
Honorary Secretary is Dr. Clement McCulloch, 830 Medical Arts Building, Toronto 5, 


Ontario, Canada. 


HONOURS 


Tue Forses CHAIR in Ophthalmology has been instituted by the University of Edinburgh. 
The first incumbent, Professor George Ian Scott, was appointed on November 1, 1954. 


Arr-Commopore J. C. NEELY, C.B.E., has been promoted to the rank of Air Vice-Marshal. 


NOTICE TO SUBSCRIBERS 


Back Numsers of the British Journal of Ophthalmology are available from the Publishing 
Manager, B.M.A. House, Tavistock Square, London,W.C.1. 

Vols I to XXV (1917-1941), price 42s. per volume unbound. 

Vols XXVI to XXXII (1942-1949), price 63s. per volume unbound. 

Vols XXXIV to XXXVIII (1950-1954), price 84s, per volume unbound. 


Binding cases for 1917-1954 for the British Journal of Ophthalmology, art cloth, gilt- 
lettered back are obtainable from the printers, George Pulman and Sons, Ltd., 24-27, 


Thayer Street, London, W.1., price 5s. each. 
The cost of binding subscriber’s own copies is 30s. per volume complete. 


Back numbers of The Ophthalmoscope and the Ophthalmic Review, with a few exceptions, 
may still be obtained from. the Publishing Manager, B.M.A.. House, Tavistock Square, - 
London, W.C.1. 
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COMMUNICATIONS 


SURGICAL CLASSIFICATION OF SQUINTS WITH A 
VERTICAL DEVIATION* 


BY 
ALFREDO VILLASECA 


Hospital Salvador, Santiago, Chile 


_ VERTICAL squints, either pure or associated with horizontal squints, are of 


great practical importance, since binocular single vision can only be 
attained if there is perfect parallelism of the visual axis in both the 


horizontal and vertical directions. ae 
The statistics given by various authors show that vertical deviations are 


very frequent: 


White and Brown (1939) found the following distribution in 1,062 cases: un- 


complicated lateral deviation in 347 patients, uncomplicated vertical deviation in 


358, and combined vertical and lateral deviation in 357. 
Dunnington and Regan (1950) found that 50 per cent. of 79 cases of concomitant 


convergent strabismus showed a vertical component. 
Scobee (1951), in 457 cases of convergent strabismus, found 195 (43 per cent.) 


with a vertical component. In his patients the frequency of involvement (paresis) 
of the vertically acting muscles was as follows: 


Muscle No. of Cases 


Superior rectus 60 
Superior oblique 32 
Inferior rectus 25 
Both depressors (superior oblique and inferior rectus) of the se same eye 20 
Both superior obliques 15 
Both inferior recti 13 
Superior rectus of one eye and inferior rectus of the other eye... 11 
Both superior recti .. 7 
6 
2 
1 
3 


Both elevators (superior rectus and inferior oblique) of the same € eye . 
Superior oblique and inferior rectus of both eyes.. ‘ ss 
Inferior oblique ive oes ove 


Miscellaneous groupings ies se ait 
He makes no specific mention of suiiebi with concomitant hypertropia or 
dissociated vertical divergence. : 
Bielschowsky (1938) classifies the disorders of the vertical motor muscles in five 
groups: 
(1) pure concomitant vertical deviations; 
(2) vertical deviations of paretic origin; 


(3) deviations that show the features of unilateral or bilateral overfunction of the 
inferior oblique muscle; 


(4) dissociated vertical deviations; 
(5) vertical deviations showing the combined characteristics of several of the 


other groups. 





*Received for publication October 8, 1954, 
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(1) The angle of squint is independent of the direction of the gaze and of the transition of the 
fixation from one eye to the other. 

(2) The vertical deviation increases in the field of action of the paralysed muscle and when the 
affected eye fixes. 

(3) The primary spasm of the inferior oblique muscle is differentiated from the secondary 
contracture following a paralysis of the ipsilateral superior oblique or of the contralateral superior 
rectus. A differential symptom is the absence of a vertical deviation in the primary position of 
the eyes in cases of pure spasm, as opposed to the post-paretic cases where the hypertropia is 
also evident in the primary position. On testing the fields of fixation of either eye, it is seen that 
each field is considerably enlarged in the upper nasai quadrant in patients with primary spasm of 
both inferior obliques, without restriction in the upper temporal quadrant. 

(4) Disorders of the vertical motor muscles known as dissociated vertical divergence, alternating 
hyperphoria, or double hyperphoria. 

The separation of patients with over-function of the inferior oblique muscles 
from the second group with deviations of paretic origin, seems somewhat academic, 
and not well justified in Bielschowsky’s classification. We nevertheless accept 
the existence of a pure spasm of the inferior oblique muscles (without paresis of 
the ipsilateral antagonist or contralateral synergist), as is typically manifested 
by the synkinetic overaction of the inferior oblique muscles in convergent 
squints due to overconvergence. 

Confusion may arise in dealing with various types of vertical deviations and their 
different combinations with horizontal deviations. For this reason the following 
practical classification has been devised. In the first place vertical squints may be 
divided into two groups: (A) Primary, and (B) Secondary. 
































(A) PRIMARY VERTICAL SQUINT 


These are independent of any horizontal deviation, and may be either 
isolated or accompanied by an added horizontal deviation. In fact, if 
binocular single vision is broken by a vertical deviation, there is no obstacle 
to prevent a lateral deviation of the eyes, which will generally become mani- 
fest as a convergent squint since convergence is overactive in childhood. If 
an exophoria existed previously, the horizontal deviation will be divergent. 















Group 1. PARESIS OF AN ELEVATOR OR DEPRESSOR MUSCLE OF ONE EYE. 


(i) The muscles more often affected are the superior rectus or the superior oblique. 


As common activities are usual with the gaze below the horizontal, the eye to 
take up fixation will be generally the hypotropic one. Therefore, in a paresis of the 
superior rectus, the fixing eye will be commonly the one with the paretic muscle, 
with resulting increased innervation, in accordance with Hering’s law, to the 
contralateral synergist (inferior oblique). On the other hand, in a paresis of the 
superior oblique, the affected eye remains in hypertropia and fixation is taken up 
by the other eye, so that the spasm of the ipsilateral antagonist will predominate, 
which also happens to be the inferior oblique. This explains the frequency of 
post-paretic spasms of the inferior oblique, and consequently the frequency of 
operations on this muscle. 


















Case 1, aged 14 yrs, came complaining of eyestrain. There was no error of refraction. 
A right hyperphoria of 6@ was found with the Maddox rod, and of 4 with the Maddox 
wing test ; The synoptophore angle was 0° R/L 5. 
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Diplopia was apparent in laevoelevation. Fig. 1 (c) indicated a right inferior oblique 
spasm. The Hess chart revealed a paresis of the left superior rectus with a spasm of the 
right inferior oblique. 





(6) 


Fic. 1.—Case 1, paresis of left superior rectus. 


Operation.—A marginal myotomy of the right inferior oblique, near its insertion, was 
performed in July, 1953. 

A week later the Maddox rod and the Maddox wing test revealed a right hyperphoria 
reduced to 0.5“, the Hess chart was normal, in. the laevoelevation there was equal 
excursion of both eyes (Fig. 2 c), and the synoptophore angle was 0° R/L 1. 





(a) (6) (c) 


Fic. 2.—Case 1, after marginal myotomy of right inferior oblique. 


Diagnosis—Paresis of left superior-rectus. 
Classification—Primary vertical squint of Group 1 (paresis of one elevator). 


Case 2, aged 8 yrs, sought advice for ptosis of the right eye. A definite right hypotropia 
existed (Fig. 3 5), with moderate amblyopia ex anopsia of that eye (20/80). The pseudo- 
ptosis vanished on fixing with the right eye (Fig. 3 c). 

There was complete paralysis of the right superior rectus (Fig. 3 a), inhibitional paresis 
of the left superior oblique (Fig. 3 d), and relative overfunction of the left inferior oblique 
and right inferior rectus. 

A moderate convergent squint was also apparent (Fig. 3 b and c), which disappeared on 
looking straight up and was more marked on looking straight down. 

Synoptophore : Fixing right eye + 10° L/R 204. 
Fixing left eye + 10° L/R 144. 
Fusion at + 10° L/R 144. 





(6) 





(d) 
Fic. 3.—Case 2, paralysis of right superior rectus and slight convergent squint. 
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Diagnosis.—Paralysis of right superior rectus, with added convergent squint of slight 
degree. 

Operation.—Right inferior rectus recession (5 mm.) ; left inferior oblique myectomy 
(with excision of fragment of muscle 6 mm. long) near its insertion ; left medial rectus 
recession (5 mm.). 

The result was very good | as the dextroelevation was completely normalized (Fig. 4 a), 
even though the paralysed superior rectus had not been touched, and the hypotropia and 
pseudo-ptosis of the right eye disappeared (Fig. 4 5). 


Synoptophore (one month after operation): 
Fixing right and left = + 6° L/R 24. 
Fusion at — 4° L/R 


(a) (b) (c) 
Fic. 4.—Case 2, after one-stage operation on both vertical and 
horizontal muscles. 


Classification.—Primary vertical squint of Group 1 (paralysis of one elevator), with 
added convergent squint of slight degree. 


Case 3, aged 6 yrs, presented with alternating divergent stabismus since the age of 1 yr. 
Examination revealed, in addition to the divergent strabismus, a definite hypertropia of 
the right eye (Fig. 5), with paresis of the left superior rectus and a slight true left ptosis. 


Synoptophore : Fixing right eye — 14° R/L 104. 
Fixing left eye - 14° R/L 164. 
Simultaneous perception and fusion at —12° : R/L 114. 
Diagnosis.—Paralysis of left superior rectus, concomitant divergent strabismus. 
Operation.—Horizontal and vertical muscles operated simultaneously: Left lateral 
rectus recession (5 mm.) ; left medial rectus resection (8 .mm.) ; left inferior rectus 
recession (5 mm.) ; marginal myotomy of right inferior oblique. 
The result was satisfactory (Fig. 6 a) with normalization of the laevoelevation (Fig. 
6b) ;_ the slight left ptosis persisted. Ten months later the patient had simultaneous per- 
ception and fusion at 0°. 


Fic. 5.—Case 3, paralysis of (a) () : 
left superior rectus and diver- Fic. 6.—Case 3, after one-stage operation on both vertical 
gent squint. and horizontal muscles. 


Classification.—Primary vertical squint of Group 1 (paralysis of one elevator), with 
added concomitant divergent squint. 

(ii) The inferior oblique and inferior rectus muscles are less frequently affected. 
In paresis of the inferior oblique muscle the affected eye remains in hypotropia and 
thus will generally take up fixation, with the result that supplementary innervation 
will also arrive to its contralateral synergist (superior rectus). In paresis of the in- 
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ferior rectus muscle the eye remains in hypertropia and fixation will generally be 
taken up by the other eye, so that the spasm of the ipsilateral antagonist (also the 
superior rectus) will predominate. This is why in such cases one frequently has to 
do a retroplacement or marginal myotomy of the spasmodic superior rectus, 
surgery on the superior oblique being more rarely necessary. 


Case 4, aged 11 yrs, presented with a convergent strabismus of the right eye from the 
age of 2 yrs. There was a slight unilateral myopia (-0.75) and also an amblyopia 
ex anopsia of 20/80 p. of this eye; this improved to 20/50 after 2 months of permanent 
occlusion of the left eye. 

Apart from a marked convergent squint of the right eye, which did not vary on looking 
upward or downward, a paresis of the right inferior oblique was apparent in laevoele- 
vation. 

Synoptophore : Fixing right eye + 24° L/R 6. 
Fixing left eye + 22° L/R 44. 

Abnormal retinal correspondence (images crossing at + 5°). A vertical deviation was also 
appreciated on subjective examination (L/R 4*). 

Diagnosis.—Paresis of right inferior oblique, concomitant convergent squint. 

Operation.—Right medial rectus recession (5 mm.) ; right lateral rectus resection 
(8 mm.) ; marginal myotomy of left superior rectus. 

After 3 months the cover test was negative and laevoelevation was normal. 

Synoptophore : 0°. 
Fusion only with oscillation. 

Classification.—Primary vertical squint of Group | (paresis of the right inferior oblique), 
with concomitant convergent squint. 


Group 2. PARESIS OF BOTH ELEVATORS OR DEPRESSORS OF ONE EYE 


The paresis of both elevators (superior rectus and inferior oblique) of one 
eye is accompanied by pseudo-ptosis which is generally the reason for consul- 
tation. The false ptosis becomes evident on making the cover test, since when 
the hypotropic eye is obliged:to fix the ptosis automatically disappears. 


Case 5, aged 20 yrs, underwent two operations 4 years ago for marked convergent squint 
of the left eye. 

In September, 1952, she complained of ptosis of the left eye. There was a residual left 
convergent squint of about 10° (with amblyopia ex anopsia of 2/30 ptly), and a pseudo- 
ptosis due to paresis of both elevators of that eye (Fig. 7 a, b,c). Dextro- and laevo- 
depressions were normal. 

Synoptophore : Fixing right eye + 10° R/L 26 4. 
Fixing left eye + 10° R/L 304. 


(a) (5) . (c) 
Fic. 7.—Case 5, paresis of both elevators (inferior oblique and superior rectus) 
of left eye, and residual convergent squint. 


Diagnosis.—Paresis of superior rectus and inferior oblique of left eye ; moderate 
residual convergent squint. 


Operation.—Even though the right eye was fixing there was no spasm of the ipsilateral 
antagonists (normal laevo- and dextrodepression), and it was therefore decided to Operate 
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on the contralateral synergists : right superior rectus for the paretic left inferior oblique 
(Fig. 7 a), and right inferior oblique for the paretic left superior rectus (Fig. 7 5). In 
October, 1952, a right superior rectus recession (5 mm.) and a myectomy of the right 
inferior oblique were performed simultaneously. 

The result was the disappearance of thé pseudo-ptosis and an almost complete normal- 
ization of ocular motility (Fig. 8 a, b, c). The residual convergent squint persisted 
without variation (Fig. 8 c) as no operation was done on the horizontal muscles. 





(a) (6) (c) 
Fic. 8.—Case 5, after operation on vertical muscles only of right eye. 


Classification—Primary vertical squint of Group 2 (paresis of both elevators of one 
eye), with added horizontal (convergent) squint. 

The paresis of both depressors of an eye (inferior rectus and superior oblique) is 
relatively rare, even though in Scobee’s series, mentioned above, it was somewhat 
more frequent than that of both elevators (twenty cases against six). 

Group 3. BILATERAL PARESIS (OR SPASM) OF TWIN MuscLes.—lIn this group are 
included the relatively frequent cases with paresis of the homologous muscles of 
each eye (e.g. both superior obliques). 

(i) Equal Paresis of Both Muscles.—There is. no vertical deviation in the 
primary position, as both eyes take the same relative level. Binocular single 
vision can therefore continue to be exercised in the primary position, and a 
horizontal deviation may not be added. 


Case 6, aged 8 yrs, presented from birth a frank bilateral hypertropia in adduction (Fig. 9 c 
and e), with binocular fixation in the primary position (Fig. 9d). Study of ocular motility 
showed a frank paralysis of both superior oblique muscles (Fig. 9 f and g), with inhi- 
bitional paresis of both superior recti (Fig. 9 a and 5). 





(d) , 


Fic. 9.—Case 6, congenital 
paralysis of both superior 
obliques with binocular 
fixation in primary posi- 
tion. 











(b) 


(e) 


(g) 











(d) 


(e) 





(g) 
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Synoptophore : Fixing right eye + 7° L/R 22 +. 
Fixing left eye + 7° R/L 22 >. 
Fusion and stereopsis at 0° -c-. 

Diagnosis.—Paralysis of both superior obliques. 

In our opinion, myectomy of both inferior obliques and retroplacement of both 
inferior recti (in one or two stages) would be the procedure indicated, but the parents 
do not wish an operation until the patient is older. 

. Classification —Primary vertical squint of Group 3 (paralysis of twin muscles : superior 
obliques), without horizontal squint. 


Case 7, aged 5 yrs, had from birth an unsightly bilateral elevation in adduction. There 
was binocular fixation, and the cover test in the primary position was negative (Fig. 10 5). 
In dextro- and laevoelevation a marked spasm of both inferior obliques was noted (Fig. 
10aandc). Dextro- and laevodepression were practically normal. 





(a) (b) (c) 
Fic. 10.—Case 7, marked spasm of both inferior obliques with binocular fixation 
in primary position. 
Synoptophore : Fixing right eye — 2° -©-. 
Fixing left eye —2° R/L2 4. 
Fusion at —2° R/L 34. 

Diagnosis—Marked spasm of both inferior obliques: ? primary ? secondary to 
paresis of both superior recti. 

Operation.—In 1952 a marginal myotomy of the right inferior oblique and a myectomy 
of the left inferior oblique were done. A week after the operation only a partial decrease 
of the spasm of the inferior obliques was noted (Fig. 11 a and 5). As the spasm con- 
tinued unchanged a further operation was performed 2 months later. The right inferior 
oblique appeared normal (without traces of the previous operation). In the left inferior 
oblique the stumps of the myectomy had re-adhered, and the muscle showed only a trans- 
verse scar in the site of the former operation. An extensive myectomy of both inferior 
obliques was performed, excising a fragment of muscle some 8 mm. long. 


Fic. 11.—Case 7, after first 
operation, showing decrease 
in spasm of inferior obliques. - 





The result was fairly satisfactory, as only a slight spasm of the left inferior oblique 
(Fig. 12 a) and a slight paresis of the right inferior oblique were noted (Fig. 12 c). 
In the primary position binocular fixation was maintained (Fig. 12 5), but the cover test 
now showed a slight left hyperphoria. 





(a) (6) (c) 
Fic. 12.—Case 7, after second operation, showing disappearance of spasm of 
inferior obliques. 
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Synoptophore (15 days after operation) : 
Fixing right eye — 3° L/R 124. 
Fixing left eye - 5° L/R 14. . 
Fusion at 0° L/R 5“. 

There was no cyclophoria either before or after the operations. 

Classification.—Primary vertical squint of Group 3 (paresis or spasm of twin muscles), 
without horizontal squint. : 

Comment.—This case raises the interesting problem of the existence of a “ primary ” 
bilateral spasm of the inferior oblique muscles without a previous paresis of the ipsilateral 
superior obliques or of the contralateral superior recti, and without a secondary over- 
action due to overflow of impulses from the medial recti in convergent spasmodic squint. 
Because of its characteristics the case seems to be one of primary spasm of the inferior 
obliques, though it is also possible that a paresis of both superior recti may have existed 
first, leaving spasm of the inferior oblique muscles after healing. 

(ii) Greater Paresis of One Muscle.—A vertical deviation will be manifest in the 
primary position, and as binocular single vision is thus broken a horizontal de- 


viation may be added. 


Case 8, aged 34 yrs, presented with alternating convergent squint from birth. Ocular 
motility was completely normal, and no spasm of the inferior obliques could be noticed. 
Alternating occlusion, which would probably have revealed the hidden vertical defect 
appearing on dissociation at the synoptophore, was not carried out. 
Synoptophore : Fixing right eye + 25° L/R 144. 
Fixing left eye + 25° R/L 7%. 

Pre-operative Diagnosis—A\ternating convergent squint. 

Operation.—Medial rectus recession (5 mm.) ; lateral rectus resection (10 mm.) in the 
left eye. The operation corrected the horizontal strabismus, and this result was maintained 
24 years after operation. However, the cover test showed a frank hypertropia of each 
eye from the first post-operative examination. The study of versions now showed a 
frank paresis of both superior recti, with the corresponding spasm of the inferior obliques. 

Synoptophore : Fixing right eye 0° L/R more than 22%. 
Fixing left eye + 4° R/L 124. 
At times he could fuse at 0°, and at times he suppressed the image from one or the other eye 
(which was then found to be hypertropic). 

Post-operative Diagnosis.—Paresis of both superior recti; concomitant convergent 
squint. 

In our opinion a myotomy of both inferior obliques should be performed, but his 
parents do not desire a second operation. 4 

Classification —Primary vertical squint of Group 3 (unequal paresis of both superior 
recti}, with added convergent squint. 


Group 4. Mrixep or MULTIPLE Paresis.*—This group includes the rare cases of 
paresis in each eye of a different rectus muscle (e.g. the superior rectus of one eye 
and the inferior rectus of the other), or of a different oblique muscle (e.g. the 
superior oblique of one eye and the inferior oblique of the other). Scobee’s series, 
mentioned above, contains eleven patients with paralysis of the superior rectus of 
one eye and of the inferior rectus of the other. 

In this group should also be included cases of multiple paresis of elevators and 
depressors (e.g. inferior rectus and inferior oblique of one eye ; paralysis of the 
third cranial nerve; etc.). ; 





“Patients with inhibitional palsy of a contralateral antagonist are not to be included in this group, as this is 
secondary to the paresis of a vertical muscle of the other eye (e.g. paresis of the right superior oblique with spasm of 
the left inferior rectus and inhibitional palsy of the left superior rectus). Such patients must be included in Group 1 


(See Case 2, Fig, 3a and @). ; 
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Group 5. CONCOMITANT HYPERTROPIA (OR HYPERPHORIA).— The best known case 
in this group is that of simple hyperphoria, without horizontal deviation, which in 
the Hess chart shows an even vertical deviation in all directions of gaze. 


It is also possible that a child with a latent hyperphoria may develop a conver- 
gent squint, like any other child, after a disease such as measles. In such cases 
a horizontal strabismus is associated with a concomitant hypertropia. The 
characteristics of this hypertropia are the invariability of the vertical angle of 
squint in the different directions of gaze, or upon changing fixation from one eye 
to the other. 

We have at times seen patients with horizontal squint where the synoptophore 
measurements showed a moderate vertical component, but in which a careful 
study of the ocular motility showed no noticeable muscle paresis. After correcting 
the horizontal squint the vertical concomitant deviation persisted, and a second 
operation had to be performed to correct the hypertropia. 


Case 9, aged 8 yrs, presented with alternating convergent squint from the age of 2 yrs. 
The cover test also showed a hypertropia of the right eye upon fixation with the left eye 
and hypotropia of the left eye upon fixation with the right eye. No noticeable muscle 
paresis or spasm could be demonstrated. 
Synoptophore : Fixing right eye + 22° R/L 44. 
Fixing left eye + 22° R/L 5. 

Abnormal retinal correspondence with images crossing at 0°. On subjective examination a 
vertical deviation (R/L 4) was also noted. 

Operation.—As no muscle could be held responsible for the hypertropia, which was 
nevertheless very evident, it was decided to take advantage of the operation on the 
horizontal muscles of the right eye to perform a marginal myotomy of the inferior oblique 
of this eye (higher eye). 

» In January 1951 a medial rectus recession (5 mm.), lateral rectus resection (8 mm.), and 
marginal myotomy of the inferior oblique of the right eye were performed. The con- 
vergent squint disappeared and, although a slight paresis of the myotomized right inferior 
oblique was now noticeable, the hypertropia of the right eye persisted. 

Synoptophore : Fixing right and left eyes 0° R/L 7*. 
Subjective vertical deviation : R/L 4%. 

Glasses.—Prism glasses were prescribed : 2 base down in front of the right eye and 
2 base up in front of the left eye. 

Follow-up.—After one year the concomitant hypertropia of the right eye persisted. 
On the synoptophore the subjective vertical deviation was of R/L 7, and there was 
fusion only with oscillation. 

Operation.—Left inferior rectus recession (4 mm.) (hypotropic eye). The result was 
the disappearance of the vertical deviation in the primary position. A moderate paresis of 
the recessed left inferior rectus was now evident. 

Fusion and stereopsis were developed with exercises on the stereoscope. 

Up to 24 years since the second operation the cover test showed no deviation in the 
primary position, there was a slight paresis of the operated vertical muscles (right inferior 
oblique and left inferior rectus), and in the synoptophore there was fusion at 0°, with 
fusion amplitude from —5° to +10°. 

Classification.—Primary vertical strabismus of Group 5 (concomitant hypertropia), 
with added convergent squint. 

In patients with concomitant hypertropia we should now consider (in view of 
the experience gathered with Case 8) that a recession of the superior rectus of the 
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hypertr opic eye would be the procedure of choice, so as not to interfere with the 
depressor muscles of greater functional importance. 


Group 6. DissOcIATED VERTICAL DIVERGENCE.— When this type of defect is present 
with no horizontal deviation, it is known as anaphoria, alternating hyperphoria, 
or double hyperphoria. The fundamental characteristic in such cases is that there 
is usually binocular fixation (bifixation), so that the double hyperphoria is only 
apparent with occlusion of one or the other eye. 

This anomaly is sometimes accompanied by permanent horizontal squint, when 
it is known as anatropia, alternating hypertropia, or double hypertropia. 

Verhoeff (1941), in a total of 42 patients with occlusion hypertropia, as he called 
it, found 24 cases associated with a permanent strabismus (seventeen of which 
were cases of esotropia), and eighteen cases with bifixation, that is, without a 
permanent horizontal strabismus. 

The nature of dissociated vertical divergence has been widely disputed. There 
seems to exist an aberration in the postural tonus of the muscular apparatus that 
adjusts the position of the eyes in a vertical direction (Posner, 1952). The upward 
movement of the non-fixing eye (under cover in a case of anaphoria, or squinting 
in one of anatropia) is probably effected by the normal reflex route of Bell’s 
phenomenon (Schlossman, 1952). ‘ 

Some confusion is apparent in the literature regarding the existence or non- 
existence of overfunction of the inferior obliques in cases of dissociated vertical 
divergence. 

Duke-Elder (1949) recognizes that the absence of spasm of the inferior obliques 
is a sign of diagnostic importance in dissociated vertical divergence when he states : 

Nor does a change in the direction of the gaze horizontally alter the vertical 
deviation as it does in a spastic squint (due to overaction of the inferior oblique). 

Bielschowsky (1938) is not quite definite on this point. On one hand he favours 
myectomy of the inferior obliques in cases of spasm of these muscles (Group 3 of 
his classification), and disapproves of operation on the vertical muscles in disso- 
ciated vertical divergence (Group 4 of his classification) ; on the other hand he 
uses photographs of the same child (Figs 3 and 6 in his paper) as examples both of 
a convergent squint with a marked bilateral spasm of the inferior obliques and of a 
convergent squint with double hypertropia. 

Verhoeff (1941) states: 

Such a condition, if bilateral, would be manifested during binocular vison (e.g. 
when neither eye was covered) by evidence of so-called overaction of the inferior 
obliques. Unfortunately, in my series of cases I did not investigate this question 
with sufficient care. However, in some of the cases this condition undoubtedly 
existed, and it is my impression, based on all the cases I have encountered, that 
overaction of the inferior obliques is common in cases of occlusion hypertropia. 

Schlossman (1952) refers indirectly to this point when he says: 

When fixation is alternately broken up by the cover test there is an overaction of the 
obliques, but this pattern is loose and shows the same variability as that of the 
horizontal muscles. 

Our findings agree with those of Duke-Elder, as we believe that an important 
differential sign, which allows for the classification of a case in the group of dis- 
sociated vertical divergence, is to find normal ocular motility without spasm of the 
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inferior obliques. In cases of double hypertropia with added convergent squint 
(cf, Case 10) the frank hypertropia of the non-fixing eye in the primary position 
is in contrast with the slight or non-existent hypertropia in the oblique gazes 
(Fig. 13). 

However, it is necessary to explain a point which might lead to confusion. 
When the nose comes in the way of the eye in extreme adduction it automatically 
effects the occlusion of that eye (nasal cover test) thus inducing its hypertropia, 
and feigning a spasm of the inferior oblique. This was clearly observed in Case 10 
after surgical correction of the horizontal deviation. There was no manifest 
spasm of the inferior obliques while it was possible to maintain binocular 
fixation. _When the corneal reflection of the torch disappeared through the inter- 
vention of the nose, this eye showed a moderate hypertropia (Fig. 16, overleaf). 

Before the operation for convergent squint, the study of versions in this patient 
generally showed an equal excursion of both eyes, but in a few instances a moderate 
hypertropia was seen in extreme adduction. The nose could not act as a dis- 
sociating element as dissociation already existed on account of the convergent 
squint. The hypertropia could then be attributed to the darkening of the 
adducted eye by intervention of the nose. 

In patients with dissociated vertical divergence, if the illumination before one 
eye is gradually diminished (with a smoked glass wedge), this eye will gradually 
deviate upwards (Verhoeff, 1941). This is not to be confused with Bielschowsky’s 
phenomenon, which is not constant, wherein the eye in hypertropia behind the 
screen will deviate downward when the smoked wedge is put in front of the other 
eye. 


Case 10, aged 10 yrs, had squinted since birth ; delivery had been normal. Examination 
revealed alternating convergent squint with frank hypertropia of the non-fixing eye 
(Fig. 13 c and d). The study of versions usually showed an equal excursion of both eyes 
(Fig. 13 a, b, e, f), but, at times, a moderate hypertropia was noted in the extreme ad- 
duction of each eye, when vision was obscured by intervention of the nose. 
Synoptophore : Fixing right eye + 22° L/R over 22. 
Fixing left eye + 22° R/L over 22°. 


On subjective examination (fixation with both eyes) there was. equal height of both images, and 
fusion was attained at +-22° with oscillation. 


Fic. 13.—Case 10, double hypertropia 
and convergent squint. 





Diagnosis.—Double hypertropia, concomitant convergent squint. 
Operation.—Medial rectus recession (5 mm.) and lateral rectus resection (8 mm.) in the 
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left eye. The horizontal squint disappeared completely (Fig. 14 c), and the double 
hypertropia became a double hyperphoria (Fig. 15 a and 5). Fusion rapidly developed 
with exercises on the stereoscope. The ocular movements were normal (Fig. 14 a, b, d, e), 
save for a slight elevation of the adducted eye on intervention of the nose (Fig. 16 a 


and 5). 
(a) (b) 





(d) (e) 





Fic. 14.—Case 10, after correction of horizontal deviation. 





(a) (6) (a) (6) 
Fic. 15.—Case 10, double hyperphoria after Fic. 16.—Case 10, the nose acting as an occluder 
correction of horizontal deviation. provokes hyperphoria in the adducted eye (false 





(a) Left eye elevated after occlusion. spasm of inferior obliques). 


(b) Right eye elevated after occlusion. 


Synoptophore : Fixing right eye + 2° L/R over 22°. 
Fixing left eye — 3° R/L over 224. 
Fusion with amplitude of 12°. 


Classification—Primary vertical squint of Group 6 (dissociated vertical divergence), 
with added concomitant convergent squint. 


(B) SECONDARY VERTICAL SQUINT—URIST’s SYNDROMES 


The tendency of an eye in permanent convergent strabismus to develop a 
secondary hypertropia is well known (strabismus convergens surso-adduc- 
torius). 

The explanation generally given is that the adduction position entails some 
mechanical advantage to the inferior oblique in relation with its antagonist, 
the superior oblique. Scobee (1947) gives the following description to 
explain what he designates “‘ normal ” overaction of the inferior oblique: 

The speed with which a muscle’s point of insertion will move is proportional to 
the length of the muscle. The inferior oblique is longer (37 mm.) than the effective 
portion of the superior oblique (20 mm.), and the additional fact that the insertion of 
the inferior oblique is such that its arc of contact is longer than that of the superior 
oblique means that, with the same amount of contraction, the inferior oblique will 
produce greater vertical displacement, that is, elevation, than will the superior 

oblique, that is, depression. It also follows that, in maximum adduction of either 
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eye, the inferior oblique is a better elevator than the superior oblique is a depressor ; 
this is because the inferior. oblique makes a smaller angle with the visual axis than 
does the superior oblique by about 5°. 

These arguments seem to contradict the well-known physiological super- 
iority of the superior oblique over the inferior oblique, as it is a muscle 
constantly used in reading and other near work. Its importance is shown 
by its complicated anatomy and its innervation by a special cranial nerve. 

Guibor (1949, 1950) uses the term “ synkinetic overaction of the inferior 
oblique ’’, as he attributes the frequency of secondary spasm of this muscle 
to a spread of impulses through the oculomotor complex. Hypertonicity of 
convergence is associated with an overflow of impulses which pass to the 
inferior oblique directly through the third nucleus or indirectly through the 
medial longitudinal bundle. In this respect the anatomical neighbourhood 
of the nucleus of the inferior oblique with that of the medial rectus and 
Perlia’s nucleus is interesting. 

Spaeth (1948) also quotes the case of a patient with a left sixth-nerve palsy. 
The overaction of the contralateral synergist, the right medial rectus, was 
accompanied by a frank spasm of the right inferior oblique (Fig. 17 in his 
paper). This increased with attempted upward gaze to the left, even though 
the paralysis of the left external rectus prevented the left eye from rotating 
into the field of action of the left superior rectus. As Spaeth says : 

In this case a true spasm was present in the inferior oblique muscle. It seems as 
if the overaction of the inferior oblique muscle must be connected with the simul- 
taneous overaction of the right internal rectus muscle. This has been suggested 
before in considering overconvergence. 

The following case demonstrates the causal relationship between over- 
action of the medial rectus and spasm of the inferior oblique. 


Case 11, aged 2 yrs, presented with convergent squint after a febrile condition suspicious 
of frustrated infantile paralysis (the child staggered on walking). Examination, carried 
out a week after the squint was first noticed, showed convergence of some 20° of the left 
eye with complete left lateral rectus paralysis. There was no spasm of the inferior oblique 
muscles. A year later there was only a slight limitation of the abduction of the left eye. 
The convergent squint practically disappeared on looking straight up and increased on 
looking straight down. A frank spasm of the left inferior oblique was now clear (Fig. 
17 a). 


Synoptophore : Fixing both eyes +14° L/R 44. 





(a) (6) (c) 
Fic. 17.—Case 11, secondary spasm of inferior obliques one year after left lateral 
rectus paralysis. F 


This spasm of the left inferior oblique was obviously secondary to the horizontal 


. deviation, as a year previously (when the paralysis of the lateral- rectus appeared) it did 


not exist. It is natural to relate it with the spasm of the left medial rectus. A slight 
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spasm of the right inferior oblique was also noticeable. After occlusion of the right eye 
for 10 days this increased to the same degree as that in the left eye (Fig. 17 c). The 
increased spasm of the inferior oblique in the right eye was due to the fact that when the 
right eye was occluded the left eye with the paretic muscle took up fixation, and, in ac- 
cordance with Hering’s law, the compensatory innervation to the left lateral rectus brought 
about a spasm of the right medial rectus. As Guibor suggested, this greater innervation 
radiated to the inferior oblique nucleus of the same side. 


Urist (1951, 1952) classified the various types of vertical deviation secondary 
to horizontal defects in well defined groups, and insisted on the diagnostic 
importance of the straight upward and downward gaze. For this reason, 
when referring to secondary vertical squints, we speak of “‘ Urist’s syndromes”. 

Urist’s four groups are as follows: 


Group |. ESOTROPIA WITH BILATERAL ELEVATION IN ADDUCTION.—Esotropia 
greater when looking down than when looking up ; left hypertropia on looking 
towards the right, and greater up and to the right; right hypertropia on looking to 
the left, and greater up and to the left; good near point of convergence; vertical 
measurements suggest paresis of both superior recti with spasm of both inferior 
obliques. As the underlying condition seems to be a hypertonicity of convergence, 
a bilateral medial rectus recession can correct both the horizontal strabismus and 
the secondary vertical deviations. 


Case 12, aged 5 yrs, presented with convergent squint of the right eye from the age of 8 
months. Examination showed a convergent strabismus of the right eye of about 20°, 
with marked amblyopia ex anopsia (1/40), frank paresis of the left superior rectus, and 
spasm of the right inferior oblique (amblyopic eye). There was no noticeable spasm of 
the left inferior oblique. After occlusion of the left eye for 2 months vision increased in 


the right eye to 5/50, and a marked spasm was then evident in both inferior obliques. 
Five months after occlusion the visual progress stopped at 5/30. The patient presented 
all the characteristics of Urist’s Group 1 (Fig. 18). - 


Fic. 18.—Case 12, esotropia 
with bilateral elevation in 
adduction. 
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Operation.—5 mm. recession in both medial recti. A month after operation (Fig. 19) 
a decrease in the secondary spasm of the inferior obliques could be noted. 


Fic. 19.—Case 12, one 
month after bilateral medial 
rectus recession, showing 
decrease of secondary spasm 
of inferior obliques. 


(a) 
Fic. 20.—Case 12, 3 months after operation, showing disappear- 
ance of secondary spasm of inferior obliques. 

Classification.—Secondary vertical squint of Group 1 (esotropia with bilateral elevation 
in adduction). 

Comment.—Only the spasm of the inferior oblique in the non-fixing (amblyopic) eye 
was apparent at the start ; this might have led to the error of classifying the case as a 
primary vertical squint (paresis of the left superior rectus). Prolonged occlusion allowed 
for a correct classification. 


Group 2. ESOTROPIA WITH BILATERAL DEPRESSION IN ADDUCTION.—Greater 
esotropia looking up than down ; depression of the right eye on looking to the 
left ; depression of the left eye on looking to the right; near point of convergence: 
30 to 90 mm.; vertical measurements suggest paresis of both inferior obliques with 
spasm of both superior recti ; resection of both underacting lateral recti indicated. 


Case 13, aged 32 yrs, presented with convergent strabismus of the right eye since child- 
hood, and marked amblyopia ex anopsia (1/50 ptly). Examination showed a right esotropia 
of 20° on looking straight ahead. Vertical versions showed 30° esotropia on looking up 
and 5° on looking down. Lateral versions showed frank bilateral depression in ad- 
duction. The patient did not desire surgery. 
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Classification—Secondary vertical squint of Group 2 (esotropia with bilateral 
depression in adduction). 


Group 3. EXOTROPIA WITH BILATERAL ELEVATION IN ADDUCTION.—Greater 
exotropia when looking up than down ; elevation of the right eye in looking to the 
left, and of the left eye in looking to the right ; good near point of convergence. 


Case 14, aged 17 yrs, presented with divergent strabismus from childhood, and moderate 
amblyopia ex anopsia of the left eye (5/20). Examination showed a left exotropia of 15° 
on looking straight ahead. Vertical versions showed 30° of exotropia on looking up and 
5° on looking down. Lateral versions showed bilateral elevation in adduction, which 
was greater in the left amblyopic eye (the more dissociated eye). 


Synoptophore : Fixing right eye — 22° L/R 94. 
Fixing left eye — 22° R/L 34. 
Fusion at — 22° L/R 44. 


Operation.—Recession of both lateral recti (6 mm.). The immediate results were very 
poor, with only a slight decrease of the divergent squint, and no modification of the vertical 
* deviations. 


Comment.—Only after 6 months or one year will it be possible to judge the end-results. 
If the spasm of the inferior obliques then persists the patient should be classified in the 
group of mixed cases (see below), in which the reversible initial overfunction of the inferior 
obliques has gradually developed into an irreversible contracture. 


Group 4. EXOTROPIA WITH BILATERAL DEPRESSION IN ADDUCTION.—Greater 
exotropia when looking down than up ; depression of each eye in adduction ; bad 
convergence ; resection of both medial recti indicated. 

In connexion with these cases Urist insists on certain points which need 
be but briefly analysed. 3 

The fact that the horizontal squint is noncomitant—with marked variation 
between upward and downward gaze—is of great diagnostic importance. 
This is fundamental in the recognition of Urist’s syndromes. The secondary 
vertical deviation is a “ digsociated hypertropia’’, as the hypertropia is clearly 
manifest in the position of extreme adduction when the nose intervenes 
between the light and the eye. On the other hand the vertical measurements 
are small in the primary position and when the lateroversion is not extreme. 

The term “ dissociated hypertropia’’, used by Urist, must be distinguished 
from “ dissociated vertical divergence”, the characteristics of which are 
quite different. As seen in Case 10, which presented convergent squint and 
dissociated vertical divergence, the double hypertropia is specially marked in 
the primary position (Fig. 13c and d), and scanty or non-existent in the 
oblique positions. When the nose intervenes in the position of extreme ad- 
duction there is only a moderate hypertropia (pseudospasm of the inferior 
oblique). 

Urist emphasizes that in secondary vertical deviations the eye that is more 
dissociated will show the greater, and at times the only, vertical deviation. 
The more dissociated eye may be either the amblyopic eye or the eye that has 
been occluded. The elevation in adduction will also be more pronounced 
in this eye. 

In Cases 11 and 12 the spasm of the inferior oblique was noted first in the 
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non-fixing eye only, and occlusion of the habitually fixing eye brought to 
notice the spasm in this other eye, showing that the condition was in fact 
bilateral. 

Regarding the relative frequency of primary and secondary vertical de- 
viations, Urist found in 615 patients with horizontal squint that 79 per cent. 
had a vertical component. Of these, 50 per cent. were included in one of his 
four groups, that is to say they had a secondary vertical deviation. 


METHOD OF CLASSIFICATION 
It is necessary to insist on postponing the final classification of any given 
case until after a more or less prolonged period of dissociation. In ambly- 
opia ex anopsia the fixing eye will be occluded until vision is normal or there 
is no further visual progress. Thereafter, or if the squint is alternating, the 
occlusion will be transferred from one eye to the other (daily or every 2 days) 
during a period of not less than 15 days. 
On various occasions an apparently pure horizontal squint has shown a 
marked paresis of a vertical muscle after occlusion. 


Case 15, aged 4 yrs, presented with alternating convergent squint since birth. There had 
been obstetric trauma with a left brachial paralysis and ecchymosis of the left eye. 
Examination disclosed an alternating convergent squint of approximately 25°, without 
noticeable hypertropia and normal versions. 


Synoptophore :° Fixing right eye + 29° L/R 144. 
Fixing left eye + 28° R/L 144. 
(double hyperphoria on the synoptophore) 


The second examination with atropine cycloplegia showed the same objective findings, 
and the synoptophore readings were practically equal. 

A dissociation period with alternate occlusion was then ordered and in the third 
examination, 14 days later, conditions were much changed. 

Apart from the convergent squint the objective examination revealed a frank hyper- 
tropia of the right eye when fixing with the left eye, and a hypotropia of the left eye when 
fixing with the right eye. In dextroelevation a marked paresis of the left inferior oblique 
was now noted, and the synoptophore readings were also very different. 


Synoptophore : Fixing right eye + 30° R/L 244. 
Fixing left eye + 33° R/L 264. 


At other times occlusion shows that an apparently unilateral vertical defect 
is really bilateral. 

In Case 12 occlusion of the fixing eye demonstrated a synkinetic over- 
action of both inferior obliques, secondary to the horizontal squint. 

Urist (1953) cited two cases of bilateral paralysis of the superior obliques 
in which, before surgery, only one paralysis was apparent with its corre- 
sponding torticollis and positive Bielschowsky’s sign. Upon recession of 
the spasmodic inferior oblique the defect of that eye disappeared, and the 
paralysis of the other superior oblique, hidden until that moment, became 
apparent with a change of the torticollis to the other side. After a recession 
of the other inferior oblique a perfect result was obtained. 

It seems possible that in other similar cases, no matter how obvious an 
apparent unilateral defect may appear, it may be possible to demonstrate a 
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bilateral condition before surgery with a period of dissociation by alternate 
occlusion. 

After dissociation the following proceduie is followed in classifying 
particular cases. If we find a squint with marked vertical deviation and small 
or no horizontal deviation, the vertical deviation will be classified in the group 
of primary vertical squints. 

The study of ocular versions in the four oblique diagnostic positions, 
while demonstrating one or more paresis of the vertical muscles, will permit 
the inclusion of the case in one of the four first groups of the classification. 

If paresis is not apparent in any of the extra-ocular muscles it will be neces- 
sary to find out whether the case is one of concomitant hypertropia (Group 5) 
or of dissociated vertical divergence (Group 6). 

Our findings are always checked three times before surgery is proposed’: 
the first examination without and the second with atropine cycloplegia, and 
the third after dissociation by occlusion. 

Cases wherein a vertical deviation is associated with a pronounced horizontal 
deviation are the most complicated. Two possibilities then exist : 


(a) that the vertical defect is secondary to the horizontal strabismus (syndromes 
of Urist) 

(b) that the vertical strabismus is the primary condition, to which was added 
(after binocular single vision was broken) a horizontal deviation. 

As indicated by Urist the study ot the variations of the horizontal angle of 
squint on looking straight up and down is of the greatest importance 
in deciding between these two possibilities. 

The increase of the angle of squint on downward gaze is not, as it may be 
thought, common to all convergent squints. We have studied this matter in 
all our patients and have found that in ordinary concomitant squint (without 
secondary vertical deviations) either the degree of convergent strabismus is 
the same in looking up or down, or it increases only slightly when looking 
down. 

On the other hand in Urist’s syndromes of Group | (esotropia with 
bilateral elevation in adduction) there is frank decrease (or even disappearance) 
of the convergent squint in looking up, and a marked increase when looking 
down (Fig. 18). Therefore no diagnostic doubts exist in typical cases. 

If in supraversion and infraversion the degree of horizontal strabismus 
shows only slight variation or none at all, we discard the possibility that the 
vertical deviation is secondary to the horizontal strabismus. The case will 
be one of primary vertical defect plus a horizontal deviation. It is then 
sufficient to analyse the vertical defect (mentally disregarding horizontal 
deviation), following the pattern just studied for a pure vertical squint, in 
order to place it in one of the six groups of primary vertical squints. 


SuRGICAL APPLICATIONS OF THE CLASSIFICATION 
It is of great importance to determine whether the vertical deviation ts 


primary or secondary to the horizontal deviation. 
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Secondary Vertical Deviation.—In these cases the horizontal squint should be 
dealt with first, without touching the vertical muscles. After correction of 
the horizontal defect, the secondary vertical deviation often: gradually 
disappears (Figs. 18 and 20). As indicated by Urist, a hasty operation on 
the vertical muscles will provoke their paralysis, adding a paretic primary 
hypertropia to a hypertropia that was secondary to the horizontal deviation. 

The disappearance of the secondary vertical deviation may take many 
months or even 1 or 2 years, as stated by Urist, and therefore no immediate 
results can be expected. 

A long period of observation will indicate whether it is necessary to operate 
thereafter on the vertical muscles. When the synkinetic overaction of the 
inferior obliques has lasted a long time, an irreversible contracture may 
develop secondarily, requiring treatment by surgical lengthening of these 
muscles. 


Primary Vertical Deviation—If the vertical defect is of the primary type 
(Groups 1 to 4, muscular paresis), the vertical defect must be removed 
surgically together with the horizontal deviation. 

Burian (1950) states that he has never seen a horizontal deviation dis- 
appear when the vertical deviation was surgically removed, if the horizontal 
deviation was relatively large. In our opinion even a small horizontal de- 
viation, if concomitant and permanent, will remain unmodified on correcting 
the vertical deviation. Thus in Case 5 the convergent squint continued 
without variation as no surgery was performed on the horizontal muscles 
(Figs 7c and 8c). In Case 2, on the other hand, where vertical and horizon- 
tal muscles were operated upon simultaneously, even though the horizontal 
deviation was unimportant in comparison with the vertical, a perfect result 
was obtained with one operation (Figs. 3b and 45). 

The vertical deviation of the primary type does not disappear 
upon correction of the horizontal strabismus. For this reason we insist 
that both must be treated simultaneously (Cases 2, 3, and 4). 

It is often repeated that if the vertical deviation is greater than the horizontal 
the vertical deviation must be tackled first, and vice versa. To apply a 
“ quantitative ” criterion does not seem very logical. It would be the same 
as if in a case of retinal detachment with two holes, one big one and one 
small, it was thought necessary to coagulate the larger one first. It is more 
important to apply a “ qualitative ” criterion. 

If the vertical deviation, even though small, is of the primary type (moderate 
but definite paresis in a vertical muscle), it must be tackled together with the 
horizontal deviation, which was probably consecutive to the disturbance of 
binocular vision by the vertical defect. Once the horizontal deviation has 
been added and has become permanent, it will not disappear in spite of the 
correction of the causative vertical defect. 

On the other hand, if the vertical deviation is secondary, even though large, 
it can disappear (if contractures have not been added) upon correction of the 
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horizontal deviation (Case 12), and therefore should not be dealt with in the 
first operation. 

In cases of dissociated vertical divergence, the vertical defect cannot be 
eliminated surgically. if present, the horizontal squint must be treated, as 
its correction will permit binocular vision while the vertical defect remains 
Jatent (Case 10). 

In the association of horizontal squint with a probable concomitant 
hypertropia (Group 5), two operations could be considered, as there it is 
doubtful whether, after eliminating the horizontal deviation, a previously 
hidden vertical muscle paresis might become manifest. Thus, if the study of 
versions does not show a muscular paresis to explain the hypertropia, and the 
condition remains unchanged after dissociation by prolonged occlusion, the 
case should be classified temporarily as a concomitant hypertropia with 
added horizontal deviation (Case 9). If, after the horizontal squint has been 
eliminated, this situation persists, the diagnosis will be confirmed and a 


superior rectus recession of the hypertropic eye will be performed. 
(C) MIxeD CASES 


Two different types of primary vertical squint may be combined in the 
same patient. For example, Bielschowsky (1938) mentions having seen cases 
with trochlear nerve paralysis complicated with dissociated vertical diver- 
gence which made the interpretation of the diplopia test quite difficult. 
Theoretically a muscular paresis can also appear in a patient with a previous 

concomitant hyperphoria. 

Fortunately such cases of mixed primary vertical squints are very rare. 

On the other hand the combination of secondary vertical deviations 
(syndromes of Urist) with primary vertical strabismus are not so infrequent. 


Case 16, aged 5 yrs, presented with a right convergent squint since birth, He has been 
submitted to periodic occlusion of the left eye since the age of one year. After a period 
of alternate occlusion examination revealed a convergent squint of about 20° in the 
primary position (Fig. 21 5), 5° looking up, and 30° looking down. There was marked 
spasm of the left inferior oblique (Fig. 21 a) and a moderate spasm of the right inferior 
oblique (Fig. 2ic). Vision was 20/80 in the right eye and 20/50 in the left eye. 
Synoptophore : Fixing right eye + 30° L/R 146. 
Fixing left eye + 30°-e. 


@ (b) (0) 
Fic. 21.—Case 16, unequal paresis of both superior recti, combined with Urist’s 
syndrome Group 1. 


Noncomitance of the convergent squint in looking up and down suggested the diagnosis 


of spasm of the medial recti (Urist’s Group 1). The overaction of the inferior obliques 
could therefore be considered as secondary, but it was remarked that the greater spasm 
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corresponded to the left eye, that is, to the fixing eye. We have seen before that in 
the first group of Urist’s syndromes the elevation in adduction is greater in the more 
dissociated eye, that is, in the squinting eye. 

A temporary diagnosis was made of a Urist’s syndrome of Group 1 combined with a 
probable unequal paresis of both superior recti. 

Operation.—Recession of 5 mm. on both medial recti ; 6 months after operation a 
residual convergent squint of about 15° remained both in the primary position (Fig. 22 b) 
and when looking down. When looking up there was no horizontal deviation. A 
marked spasm persisted in the left inferior oblique (Fig. 22 a), and a slight one in the 
right inferior oblique (Fig. 22 c), but they were less marked than before the recession of 
both medial recti. Only part of the spasm of the obliques could, therefore, be considered 
secondary, 


Synoptophore : Fixing right eye + 20° Bigs over 204. 
Fixing left eye + 17° 


(d) (c) 


Fic. 22.—Case 16, after recession of both medial recti. 


Diagnosis.—Unequal paresis of the two superior recti. 


Operation.—Right lateral rectus resection (10 mm.) ; myectomy of left inferior oblique ; 
marginal myotomy of right inferior oblique. The result can be seen in Fig. 23 (a, b, c); 
9 months after the second operation the cover test was negative when looking forward, 
up, and down, and all versions were normal. 

Synoptophore : Fixing right eye + 4° L/R 144. 
Fixing left eye + 4° R/L2 4. : 
Intermittent fusion; at times suppresses right eye. 


(a) (6) (c) 
Fic. 23.—Case 16, after right lateral rectus resection and myotomy of both inferior obliques. 


Classification.—Primary vertical squint of Group 3 (paresis of both superior recti) 
combined with esotropia with bilateral elevation in adduction (Urist’s Group 1). 


Another type of mixed vertical defect, not infrequently seen, is the addition 
of a secondary contracture of the inferior oblique when its synkinetic over- 


action has lasted too long. Guibor (1949) writes in this connexion: 


If, however, the synkinetic overaction of the inferior oblique muscle persists over 
a period of several years, a contracture of this muscle tissue occurs, and the superior 
oblique relaxes . . . It is important to stress that it is extremely difficult in such cases 
to differentiate between a superior rectus paralysis of the contralateral eye, a 
superior oblique paralysis of the ipsilateral, and an overaction of an inferior oblique 
resulting from a supranuclear disturbance (synkinetic overaction). 
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Thus, in such cases, the secondary spasm of the obliques (Urist’s Group 1) 
that at the beginning was functional and therefore reversible, gradually turns 
into an irreversible anatomical defect. A bilateral medial rectus recession will 
only partially decrease the elevation in adduction, since a real vertical defect 
now exists which may be classified as a primary vertical deviation. There- 
fore it will be necessary to elongate the contracted inferior obliques. 

These cases cannot be differentiated from the primary paresis of two twin 
muscles (e.g. superior rectus or superior obliques), as there now exists an 
inhibitional palsy consecutive to the prolonged spasm of the inferior obliques. 


SUMMARY 
A practical classification of squints with a vertical deviation for surgical 
purposes is presented. 


(A) Primary Vertical Strabismus (with or without added horizontal deviation): 


(1) Paresis of an elevator or depressor muscle of one eye. 

(2) Paresis of both elevators or depressor muscles of one eye. 
(3) Bilateral paresis (or spasm) of twin muscles. 

(4) Mixed or multiple paresis. 

(5) Concomitant hypertropia (or phoria). 

(6) Dissociated vertical divergence. 


(B) Secondary Vertical Strabismus (Urist’s syndromes): 


(1) Esotropia with bilateral elevation in adduction. 
(2) Esotropia with bilateral depression in adduction. 
(3) Exotropia with bilateral elevation in adduction. 
(4) Exotropia with bilateral depression in adduction. 


(C) Mixed Cases——The method to be followed in classifying particular cases, 
and the surgical application of the classification are analysed. It is emphasized 
that a period of dissociation by occlusion is always necessary before a ‘final 
classification is made. 
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EVALUATION OF AN ANDROGEN, METHYLANDROS- 
TENEDIOL, IN THE TREATMENT OF DIABETIC 
, RETINOPATHY* 


BY 


K. J. GURLING 
King’s College Hospital, London 


DIABETIC retinopathy is often a serious visual disabling complication of long- 
standing diabetes mellitus, although unless combined with nephropathy and 
hypertension the prognosis as to life is not poor. Little is known of its patho- 
genesis and no specific therapy is so far available. Proper control of the 
diabetes with insulin and a carbohydrate restricted diet remain the only 
feasible means of prophylaxis. 

The claim of Saskin, Waldman, and Pelner (1951) that intramuscular 
administration of testosterone resulted in unequivocal improvement in 
more than one-third and definite improvement in an additional 40 per cent. 
of’ patients with retinopathy was therefore of interest. According to 
Bedrossian and others (1953), who could not substantiate Saskin’s observa- 
tions, testosterone had been considered effective because of a favourable 
influence on abnormal liver function and protein metabolism, factors which 
may produce diabetic complications. Pelner and Waldman (1954) sub- 
sequently suggested that the therapeutic effect of testosterone is to antag- 
onize the action of corticotrophin, the increased endogenous secretion of 


which may also be implicated in the pathogenesis of retinopathy. Bedros- 
sian and others (1953) concluded that testosterone therapy given intramus- 
cularly for periods of 5 months failed to benefit diabetic retinopathy to a 
greater extent than control injections of saline. 


Present Investigations 

Patients were selected because they had retinopathy of such a degree that im- 
provement might be expected if this form’ of treatment were indeed effective. 

The patients’ ages ranged from 18 to 58 years and the duration of the diabetes 
varied from 2} to 22 years (average 12-8). The high proportion of women (18 
women to 9 men) is probably due to the greater number of women attending the 
clinic rather than to any genuine sex distribution of retinopathy. 

A total of 27 patients received an androgen, methylandrostenediol, by mouth in 
doses of from 60 to 200 mg. a day for between 3 and 6 months (average 16-2 weeks). 
This particular preparation was chosen because it can be given orally and, accord- 
ing to Henderson and Weinberg (1951) and Kasdon and others (1952), has a less 
potent masculinizing effect than testosterone. 

A sub-group of ten of these patients with blood pressures above 180/110 mm. Hg 
were given both methylandrostenediol and a-ganglion-blocking agent—subcu- 
taneous hexamethonium bromide in three cases, and oral pentapyrrolidinium 
bitartrate (Ansolysen) in seven. In addition, a control group of ten hypertensive 
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diabetics received Ansolysen alone. The majority of these hypertensive patients, 
thirteen out of twenty, appeared to be suffering from essential hypertension rather 
than from diabetic glomerulo-sclerosis. The degree of retinopathy did not appear 
to be related to the severity of the diabetes, eight (22:9 per cent.) cases being 
adequately controlled by dieting without insulin. 
The severity of the retinopathy was graded as follows: 

Stage I. Capillary micro-aneurysms or mild phlebo-sclerosis. 

Stage II. Micro-aneurysms, punctate and ‘‘ wet sponge ”’ haemorrhages, and only a small 

amount of exudate. 

Stage III. As above, but with more advanced haemorrhages and exudate. 

Stage IV. Severe retinopathy with pre-retinal or vitreous haemorrhages. 

Stage V. Retinitis proliferans of the fibrous or vascular types, or retinal detachment. 













Such a classification is imprecise, but allows a reasonable degree of clinical assess- 
ment, and the distribution of cases according to treatment groups. Grading, 
depending on the poorer eye, is shown in Table I. 

TABLE 1 
TYPE OF THERAPY RELATED TO GRADE OF RETINOPATHY 






































| Grade of Retinopathy Total No. 
Treatment of 
pul nu | | IV Patients 
1. Methylandrostenedio! alone 3 4 5 | 3 17 
2. Methylandrostenediol and ganglion- 
blocking agent 1 2 3 3 10 
3. Ganglion-blocking agent alone 2 2 3 | 2 9 
Results 


















The ophthalmoscopic picture in diabetic retinopathy is by no means static 
and improvement may occur spontaneously, although the general trend is 
one of steady degeneration, in most cases over a period of years. Micro- 
aneurysms, phlebo-sclerosis, and hard exudates are unlikely to resolve, but 
haemorrhages of the “ wet sponge ”’ or pre-retinal type can often be observed 
to clear in one situation whilst similar lesions develop elsewhere. 
It is important that this natural variation should not be attributed to any 
therapy in current use. The co-existence .of hypertensive retinopathy may 
further complicate matters. By the time true retinitis proliferans has devel- | 
oped, little spontaneous improvement can be expected and no form of treat- 
ment is likely to be of value. 
In none of these 27 cases was the degree of improvement greater than might 
be expected to occur without treatment (Table II, opposite). , 
Of the three who are listed as improved, one had a vascular type of retinitis 
proliferans of sudden onset with a bizarre pre-retinal “‘ haze ” and improve- 
ment was slight. The other two were treated with both androgen and I 
hexamethonium but the improvement in hypertensive retinopathy made i 
assessment difficult. A combination of these drugs did not seem more é 
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TREATMENT OF DIABETIC RETINOPATHY 


TABLE II 
RESPONSE TO THERAPY 


























Total No. Result 
Treatment of 
Patients | Improved | Unchanged | Worse 
1. Methylandrostenediol alone | 17 | 1 | 13 3 
2. Methylandrostenediol and ganglion- ‘ 
blocking agent 10 2 6 2 
3. Ganglion-blocking agent alone | 10 | 1 | 8 1 








effective than either alone and three patients had recurrences of vitreous 
haemorrhages whilst under treatment. 

It must be admitted that only ten of the twenty hypertensives showed a 
significant fall in diastolic blood pressure of over 20 mm. Hg or postural 
hypotension whilst taking ganglion-blocking agents. 


Conclusion 

No evidence has been obtained that methylandrostenediol given by mouth 
in doses of up to 200 mg. a day exerts arly beneficial influence on diabetic 
retinopathy when given for periods of between 3 and 6 months. No un- 
toward side-effects developed in the women and no appreciable alteration, 
such as the improvement reported by Klotz and Avril (1952), was noted in 
the diabetic state. Our results agree with those of Bedrossian and others 
(1953), and except in cases with definite evidence of hypertensive neuro- 
retinopathy the addition of a ganglion-blocking agent failed to potentiate 
the action of the drug. It is of interest that three patients were treated with 
a mixed injection of soluble insulin and hexamethonium bromide in the 
same syringe without obvious impairment of insulin activity. Such a com- 
bined treatment appears useful in the treatment of hypertensive diabetics, 
particularly those with advanced diabetic nephropathy. In four patients in 
whom serum-polysaccharides were estimated there was no significant change 
before or after treatment with methylandrostenediol. From preliminary 
studies it also seems unlikely that the combined use of cyanocobalamin 
(vitamin B,.) and androgens is any more effective. 


Summary 

(1) 27 patients with diabetic retinopathy of varying degrees of severity 
were treated with methylandrostenediol. No significant improvement was 
noted after periods of treatment averaging 16:2 weeks. 

(2) Ten of these patients, and a control group, were also given ganglion- 
blocking agents because of hypertension. In neither group was there any 
improvement in the diabetic picture, although hypertensive retinopathy 
appeared to benefit. 
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(3) Proper control of diabetes by carbohydrate restricted diet and insulin 
remains the most practical means of prophylactic treatment. 


I am greatly indebted to Dr: R. D. Lawrence, in whose clinic the patients were seen, and to 
Dr. W. G. Oakley for their advice. To Dr. T. H. Whittington and Mr. R. A. Burn I owe thanks 
for ophthalmological examinations and assistance. Dr. J. Andreani kindly carried out muco- 
20 ce gpa estimations during the course of another investigation into the complications of 

iabetes. 
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IMPAIRED SCOTOPIC VISION IN ADIPOSO-GENITAL 
DYSTROPHY* 


BY 
J. LANDAU anp Y. M. BROMBERG 


From the Departments of Ophthalmology and of Obstetrics and Gynaecology of the 
Rothschild-Hadassah-University Hospital and Hebrew University-Hadassah Medical School 
Jerusalem, Israel 


IMPAIRMENT of dark adaptation was found frequently to occur in various 
endocrine disturbances of the genital function, and has been reported by us 
previously (Landau and Bromberg, 1950; Landau and Polishuk, 1948 ; 
Landau, Eckerling, and Polishuk, 1951; Landau and Bromberg, 1954). 
Disturbed scotopic vision was observed in the majority of patients suffering 
from pituitary or ovarian amenorrhea, in disorders of menopause and in 
oligospermia of central origin. Patients with tumours of the pituitary 
and diencephalic regions with endocrine dysfunction had distinctly disturbed 
dark adaptation. It was therefore suggested that the hypothalamus, which 
regulates various metabolic and gonadotropic functions, might conceivably 
play a role in the mechanism of scotopic vision. : 

This assumption led us to study scotopic vision in adiposo-genital 
dystrophy, a condition due to functional or organic disorders of the 
hypothalamus. 


Material and Methods 

Nineteen patients, thirteen females and six males, aged from 7-27, all suffering from adiposo- 
genital dystrophy, were examined for dark adaptation. As it is difficult to differentiate between 
adiposo-genital dystrophy and primary gonadal failure or obesity with delayed sexual maturation, 
only those patients were considered by us as adiposo-genital dystrophy cases in whom the following 
clinical manifestations and laboratory findings were present: 

(1) Adiposity involving particularly chin, neck, hips, and upper part of thighs ; 

(2) Poorly developed penis and testes in males, and atrophic uterus and vaginal mucosa with 
prolonged amenorrhea in females ; 

(3) Absence or under-development of secondary sex characteristics ; 

(4) Reduction of follicle-stimulating hormone in the urine. 

In some patients, other hypothalamic disorders were found, as, for instance, diabetes insipidus, 
disorders of water metabolism, and insulin-resistant diabetes. In one patient of this series, 
bitemporal hemianopsia pointed to the diagnosis of a tumour in the mid-brain, which was con- 
firmed at operation. Disturbances of diencephalic nature were found by electro-encephalography 
in many patients. 

Six individuals, four females and two males, aged from 10 to 20, suffering from obesity without 
genital or other endocrine disorders, were also-.examined for dark adaptation. In all these cases 
the distribution of body fat was not characteristic of adiposo-genital dystrophy. 

Dark-adaptation tests were performed with Koch’s adaptometer (Koch, 1945), a modific- 
ation of Hecht’s adaptometer, after a bleaching period of 5 minutes. . In no case were pathological 
conditions of the eyes likely to impair dark adaptation. All the tests were carried out by the same 
examiner and under identical conditions. 

Results 


The final average rod threshold values found in healthy control subjects and reported 
in a previous study (Landau and Bromberg, 1950) were log. 3nu Lamb. with a normal 
range between log.-2:5uy Lamb. and 3-6 Lamb. The final rod threshold values for 
dark adaptation found in patients suffering from adiposo-genital dystrophy are sum- 
marized i in the Table (overleaf). 
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TABLE 


FINAL ROD THRESHOLD IN ADIPOSO-GENITAL DYSTROPHY 





Age 


Clinical Findings 


Abnormal Laboratory 
Findings 


| Log.up 


Lamb. 


Remarks 








Pronounced obesity 
Amenorrhea 
Atrophic uterus 
Diabetes 

Oedema 


19 


Low F.S.H. values 

Hyperglycaemia 

E.E.G.: disturbance of 
diencephalic nature 





Bitemporal hemianopia 


Atrophic vaginal smear 


6-4 


Tumour of dience- 
phalic region, 
confirmed at 
operation 





Marked obesity 
Primary amenorrhea 
Stunted growth 


lary hair 
Atrophic uterus 








Scanty pubic and axil- 


Low F.S.H. value 
Atrophic vaginal smear 
Atrophic endometrium 


| 
| 
| 








Treated by low dos- 
age roentgen irra- 
diation of pitui- 
tary and ovaries; 
no effect 





F | 15 


Marked obesity 
Stunted growth 
Primary amenorrhea 
Under  - 


teristics 


developed | 
secondary sex charac-| 


Atrophic vaginal smear 


| 
| 

| 

| Low F.S.H. values 
| Hypoglycaemia 


| 








5 | 


| 


Primary amenorrhea 


Under-developed geni- 
talia and secondary 


| sex characteristics 


Low F.S.H. values 
| Atrophic vaginal smear | 
Small sella turcica 


| 





F | 20 Pronounced obesity 


Primary amenorrhea 


| Low F.S.H. values 
Atrophic endometrium 


No pubic and axillary | Atrophic vaginal smear 


hair 
Polyuria 
Diabetes latens 


Decreased sugar toler- | 


ance 
Small sella turcica 


Parents were first 
cousins 





| 
| 





| 


6\| F 


22 | Marked obesity 
Amenorrhea 4 years 
Atrophic genitalia 
Primary sterility 
Headaches 


Low F.S.H. values 

Atrophic uterine and | 
vaginal mucosa 

E.E.G..: disturbance of 


diencephalic nature 


| 


Treated by oestro- 
gens ; withdrawal 
| bleeding; no 
effect on dark 
| adaptation 





| 


TF 


| 
| 
| 
| 


| 


25 | Obesity 
Amenorrhea 6 years 
Atrophic uterus 


Mental deficiency 
Primary sterility 


| Low F.S.H. values 


Atrophic uterine and 
vaginal mucosa 


B.M.R. 12 per cent. 
17 ketosteroids 3 mg./ 
24 hrs 


Subjected to insulin 
shock therapy 





F 


22 | Marked obesity 


Amenorrhea 3 years 
Stunted growth 
Headaches 


Primary sterility 


Low F.S.H. values { 

Atrophic uterine and 
vaginal mucosa 

Increased sugar toler- 
ance 

B.M.R. 9 per cent. 

Small sella turcica 


Oestrogen and thy- 
Toid therapy; no 
effect on dark 
adaptation 
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Clinical Findings 


{ 


Abnormal Laboratory | Log.wu | 
Findings Lamb. 


Remarks 





Obesity ; 
Amenorrhea 4 years 
Headaches 

Polyuria 


| 
Low F.S.H. values | 
17 ee 5 mg./ | 


rs 
B.M.R. 6 per cent. 
Atrophic endometrium 


e 6 


Treated by mare 
serum and chor- 


pins; no effect 





Very marked obesity : 
No secondary sex 
characteristics 


Low F.S.H. values 
Small sella turcica 


Parents related ; 
mother suffering 
from diabetes 


| 
| 
| ionic gonadotro- 
| 
| Mental retardation 





Obesity 
Amenorrhea 4 years 
Atrophic uterus 
Primary sterility 


Low F.S.H. values 

Atrophic uterine and 
vaginal mucosa 

Glucosuria 


Treated by oestro- 
gens and proges- 
terone; no effect 

Mental retardation 





Obesity 
Amenorrhea 3 years 
Headaches 

Primary sterility 


Low F.S.H. values 
B.M.R. 17 per cent. 
E.C.G.: suggesting di- 
encephalic disturbance 
Hyperglycaemia 
Atrophic endometrium | 


Treated by oestro- 
gens and proges- 
terone; no effect 





Obesity 
Amenorrhea 9 years 
Atrophic genitalia 
Primary sterility 
Diabetes 


Low F.S.H. values 
Hyperglycaemia 
Atrophic endometrium 
E.E.G. : suggesting dien- 
cephalic disturbances 


Treated by low dos- 
age roentgen irra- 
diation; no effect 








Obesity 
Very small penis 
Bilateral cryptorchismus 


Low F.S.H. values 
17 ketosteroid 3 mg./ 
24 hrs 





Parents related 

Treated by chor- 
ionic gonadotro- 
pin; no effect 




















Obesity 

Stunted growth 

Small penis and testes 

No axillary and pubic 
hair 


Low F.S.H. valués 
B.M.R. 16 per cent. 
Small sella turcica 


| 
| 
| 


Suffered from ence- 
phalitis 8 years 
previously 

Mental retardation 








Obesity 
Small penis 


Bilateral cryptorchismus 


Small sella turcica - 
Decreased sugar toler- 
ance 














Obesity 


Small penis and testes 


Small sella turcica 


Brother of Case 16 


| 
| 
| 
| 





Obesity 

Stunted growth 

Small penis 

Bilateral cryptorchismus 
No pubic and axillary 


hair 


| 
| 
Low F.S.H. values 
B.M.R. 24 per cent. | 
] 
\ 
| 


: 


Encephalitis 6 years 


previously 


Epilepsy 


| 
| 





Obesity 
Stunted growth 
Small penis and testes 


Scanty pubic and 


axillary hair 


Low F.S.H. values 

17 ketosteroids 2 mg./ 
_ 24 hrs 

E.E.G. : suggesting dien- 


cephalic disturbances 
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The Table shows clearly that all those patients examined who were suffering from 
adiposo-genital dystrophy had disturbed scotopic vision. The final rod threshold 


values varied from log. 4°-6uy Lamb. to log. 7-2up Lamb. (mean log. 5-57uu Lamb.). 
The six cases of obesity without evident endocrine disorders showed normal rod threshold 


values. 
, Discussion 

Impairment of dark adaptation, found by us to occur in various endocrine 
disorders of the genital function, seems not to be related to any of the generally 
known and accepted factors of aprenbed scotopic vision, as reviewed by 
Duke-Elder (1942). 

As those conditions were related to interference with hypothalamic, 
pituitary, and ovarian functions, it seemed probable that impaired dark 
adaptation observed in these disorders may also be connected with the 
Same regulating mechanism. The failure to improve impairment of dark 
adaptation by substitutive gonadal hormone therapy (oestrogen, progesterone, 
testosterone) led us 10 assume that disturbed scotopic vision is related 
rather to a dysfunction of higher centres in the pituitary or hypothalamus, 
regulating the hormonal activity of the gonads. 

In gonadal failure secondary to pituitary deficiency in both women and 
men, the scotopic vision was very frequently, but not constantly, disturbed. 
On the other hand, a constant and distinct impairment of dark adaptation 
was found in all cases of adiposo-genital dystrophy. 

There is a consensus of opinion that this disease is induced by organic or 
functional disorders of the hypothalamus (Taubenhaus and Oberhill, 1950; 
Soffer, 1951). The role of the hypothalamus in the regulation of fat 
metabolism in animals has been experimentally demonstrated by Crowe, 
Cushing, and Homans (1910), and by Camus and Roussy (1913). Hether- 
ington and Ranson (1939, 1942) confirmed these findings by exact experi- 
mental technique, producing obesity by lesions in various locations within 
the hypothalamus. Genital dystrophy associated with adiposity was 
experimentally produced in various animals by injury to the hypothalamus 
without affecting the hypophysis (Smith, 1927; Grafe and Groenthal, 1919). 
In men, adiposo-genital dystrophy was observed in organic lesions of the 
mid-brain, such as tumours and inflammatory processes (Kraus, 1945; 
Soffer, 1951). It was also claimed that this condition may be due to a 
functional disturbance without any evident organic lesion in the pituitary 
hypothalamic region (Rony, 1940). The constant occurrence of impaired 
dark adaptation in all cases of adiposo-genital dystrophy studied seems to 
point to the possibility that the mechanism.of scotopic vision may be de- 
pendent upon the hypothalamic function. The fact that all six cases of 
obesity without evident endocrine disorders showed normal dark adaptation 
seems also to support this opinion. Impaired dark adaptation may thus 
be of value in differential diagnosis of adiposo-genital dystrophy and in 
cases of obesity of other aetiology. 
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Summary 
Nineteen patients suffering from adiposo-genital dystrophy were examined 
for dark adaptation. 


Impairment of dark adaptation was found in all cases. 
In obese individuals without endocrine disorders, normal dark adaptation 


values were found. 
The finding of impaired dark adaptation may be of diagnostic value in 


differentiating adiposo-genital dystrophy from other forms of obesity. 
It is suggested that the mechanism of scotopic vision may be related 


to the function of the hypothalamus. 
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VERNAL CONJUNCTIVITIS* 


BY 
M. ALIMUDDIN 
Army Medical College, Rawalpindi, Pakistan 


Mucu has been published on this subject (Duke-Elder, 1938; Gutmann, 1945). The 
present study is intended to bring out a few salient clinical features not often mentioned in 
the literature. The following observations are based on the clinical study of a series of 
1,871 cases extending over a number of years. 

The condition is known by various names: spring catarrh, phlycten pallida, conjunc- 
tivitis verrucosa, etc.—all pointing to its uncertain aetiology. Its seasonal occurrence 
during the summer months, the occasional eosinophilia and the presence of eosinophils 
in the conjunctival secretion in nearly all cases, the association with vasomotor 
rhinitis, hay-fever, and asthma, and the relief afforded in some cases by desensitization 
with pollen, etc., all indicate an allergic origin. 


Distribution and Age Incidence 


Like trachoma this is a disease of dirt and dust prevalent in tropical and sub- 
tropical regions. It is so common in West Pakistan, specially the Punjab, that 
about 31 per cent. of all ophthalmological cases seen during the summer months 
are affected by it, either directly or superimposed upon trachoma (Table I). It is 
also active in the winter months, about one per cent. of patients showing reversed 
seasonal variation, i.e. an active phase during the winter and a quiescent phase 
during the summer. In nearly all cases both eyes are affected. 


TABLE I 
INCIDENCE OF VERNAL CONJUNCTIVITIS 





Cases of Vernal 


No. of Eye 
Conjunctivitis Percentage 


Year Cases 


| 
1951 | 636 32 





1952 i 40 595 33 >average 31 
1953 2; 122 640 30 








The age incidence is shown in Table II (opposite). The commonest age is 
between 10 and 20 years; about 59 per cent. of cases are in this age group, and 
the disease is rare after the age of 40. Out of a total of 1,871 cases, 1,404 were 
males and 467 females. 
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VERNAL CONJUNCTIVITIS 


TABLE II 
AGE INCIDENCE 





Age Group (yrs) 


Cases of 21-30 
Vernal 
Conjunctivitis Per Per 
No. . | No. | cent. 











636 375 | 59 98 17 
595 347 | 58 94 16 











640 377| 59 | 90 | 14 
1,871 18 1,099 59 | 282 | 16 






































Clinical Features 

The recognized clinical types of the disease are: 
(a) palpebral (pavement or cauliflower). 
- (6) limbal (vesiculated or hypertrophic). 

These need no further comment, except that in some cases both types occur 
together. 

Another type, which has not been mentioned in the literature so far and which 
is very common in this part of the country, may be described as “‘ irritative ’’. 
Table III shows the distribution of this irritative type and the other two common 
types. The three types are fairly evenly distributed, more than one occurring 
simultaneously in about 10 per cent. of cases. 


TABLE II 
DISTRIBUTION BY TYPE 





Irritative Limbal Palpebral 





Cases of Vernal 
Year Conjunctivitis Per Per Per Per 
No. | cent. | No. | cent. | No. cent. No. 
1951 636 199 | 31 176 | 29 191 | 30 70 | 10 
1952 595 180 | 30 30 180 | 30 65 10 
1953 640 200 | 31 177 | 28 192 | 30 71 11 


Total 1,871 579 | 31 | 523| 29 | 563| 30 |206 | 10 












































Irritative Conjunctivitis——The chief symptoms are photophobia, itching, and 
epiphora. The eyes have a slightly angry look. The palpebral conjunctiva and 
the ocular conjunctiva covered by the lids remain healthy. Examination shows a 
slight peri-corneal flush which may be easily mistaken for the ciliary flush of an 
éarly uveal inflammation. Slit-lamp examination shows engorgement of the 
peri-corneal vessels including the deep ciliary plexus. Another striking feature 
is the marked increase in the number of aqueous veins. The disease may persist 
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Ficure.—Analysis of “‘irritative”’ cases 
of vernal conjunctivitis. 
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summer after summer without any 
hypertrophy, vegetation, ropy or lard- 
aceous discharge, or milky appearance. 
Conjunctival scrapings invariably show 
3 to 5S eosinophils per field by Leishman 
stain. 


Associated allergies are frequently 
found elsewhere, the commonest being 
skin allergies, such as patches of discoid 
eczema, urticaria, contact dermatitis, or 
angioneurotic oedema. Other less 
common associated features are intest- 
inal worm infestation (especially hook- 
worm), hay-fever, and vasomotor 
rhinitis. Manifestations of vagotonic 
diathesis are also present in some cases. 


This varied clinical picture may lead 
one to ask whether these are all expres- 
sions of the same disease; observation 
of cases year after year supports the 
idea that these are all manifestations of 
the same process, for in about 30 per 
cent. of cases the irritative type becomes 
limbal within 3 years (Figure). None 
developed into the palpebral type. 
Complete cure of the irritative type 
was effected in 30 per cent. of patients. 


Summary 


A new clinical “ irritative’’ type of vernal conjunctivitis is described. 
It has been studied for a period of 3 years in 1,871 cases. 


My thanks are due to Maj.-Gen. W. A. Burki, C.B.E., D.M.S., Pakistan Army, and toLt.-Col. 
M. Ayub Khan, for the permission to collect and publish these statistics. 
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ANALYSIS OF PROTEINS OF BOVINE LENS, VITREOUS, 
AND AQUEOUS BY ELECTROPHORESIS AND BY 
OUDIN’S GEL DIFFUSION TECHNIQUE* 


BY 


S. S. RAO anp M. E. KULKARNI 
Haffkine Institute, Bombay 
AND 
S. N. COOPER anp M. R. RADHAKRISHNAN 
G. S. Medical College and King Edward VII Memorial Hospital, Bombay 


THE object of these studies was to analyse the proteins of bovine crystalline 
lens, aqueous, and vitreous humour to find out whether there are proteins 
common to these tissues and to bovine serum. Apart from the theoretical 
interest, there was also the practical aspect that the results might throw 
some light on the problem of endophthalmitis phacoanaphylactica. 

Verhoeff and Lemoine (1922), Burky and Woods (1931), and Woods and 
Burky (1933) have suggested that this allergic condition is due to sensitiza- 
tion by the patient’s own lens material after lenticular injury. This could 
happen only if the lens contained proteins dissimilar to blood proteins. 
Successful attempts have been made by Burky and Henton (1936) to de- 
sensitize patients with endophthalmitis phacoanaphylactica by using a mixture 
of bovine lens and staphylococcus toxin. Berens and Bogart (1938) used 
this desensitization technique of Burky and Henton (1936) successfully in 
five patients. Cooper, Lakhani, and Jhaveri (1948) reported similar results. 

We have analysed the proteins of lens, vitreous, and aqueous by electro- 
phoresis, and by the immunological technique of Oudin (1947). 

Electrophoresis of bovine lens proteins was carried out by Hesselvik (1939) 
and by Viollier, Labhart, and Siillmann (1947) who found two proteins 
present. The faster moving component was identified as the alpha-crystallin 
and the slower as beta-crystallin. 

Hesselvik (1939) also examined bovine vitreous humour electrophore- 
tically and found three components. The fastest was thought to be hyalo- 
mucoid and the slowest had the same mobility as the serum gamma-globulin; 
the mobility of the third was slightly faster than that of human or horse 
serum albumin. Cagianut and Wunderly (1953) who recently used paper 
electrophoresis in the analysis of human vitreous reported that it gives a 
pattern similar to that of serum. 

Von Sallmann and Moore (1948) analysed concentrated normal bovine 
and rabbit aqueous humour by electrophoresis and observed a fast moving 
component noi apparent in serum, and only two globulin components. 
However, the aqueous from inflamed rabbit eyes had the same number of 
components as rabbit serum. Witmer (1953) has recently reported that the 
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aqueous of human pathological cases resembled normal human serum when 


examined by paper electrophoresis. 

It cannot be asserted that proteins from two different sources having the 
same electrophoretic mobility are the same proteins. The fact that some 
proteins in vitreous and aqueous have the same mobility as serum proteins 
does not necessarily mean that the same protein occurs in these solutions. 
Conclusive evidence on this point can, however, be derived from an im- 
munological method. The antigen-antibody diffusion technique first pro- 
posed by Oudin (1947) was developed by other workers, especially Munoz 
and Becker (1950), Pope, Stevens, Caspary, and Fenton (1951), Bowen 
(1952), and Oakley and Fulthorpe (1953). The technique is simple and 
reliable and consists in allowing antigen and its antibody to diffuse towards 
each other through an intervening layer of agar gel. The number of lines 
or bands formed in the middle layer gives the minimum number of antigens 
in the material. Common proteins are detected by using an anti-sera 
prepared by immunizing with one substance against the other. 


Methods 


Bovine eyes were collected immediately after slaughter, and brought to the iaboratory 
in an ice box. In the laboratory, the aqueous was first removed with a sterile syringe 
and collected in a sterile container. A transverse cut was made in the cornea and the 
lens with the capsule expelled and collected in a sterile bottle containing glass beads. The 
vitreous was then pressed out through the cornea and also collected in a sterile bottle 
containing glass beads. The time taken from, the collection of the eyes at the slaughter 
house to processing in the laboratory was not more than 2 to 3 hours. 


Preparation of Soluble Lens Proteins.—The method of Woods and Burky (1927) was 
followed with slight modifications. The lenses were washed lightly with saline. To 
twenty lenses weighing 39 gm. 400 ml. N/100 ammonium hydroxide was added and 
shaken for a few hours with the glass beads in a shaking machine. The solution was 
then centrifuged at high speed (10,000 gravity) at 5°C. The supernatant fluid was filtered 
through Seitz sterilizing pads. The filtrate analysed 3-36 per cent. total solids, 0-508 g. 
per cent. total nitrogen, and 0-0405 g. per cent. non-protein nitrogen (NPN). 

Alpha-crystallin was isolated according to the method of Woods and Burky (1927) by 
isoelectric precipitation at pH 4-8 from dialysed solutions of lens proteins. It was 
dissolved by adding a few drops .of N/10 sodium hydroxide and was precipitated twice 
at pH 4:8. 

140 ml. aqueous were obtained from one hundred. bovine eyes. It contained 1-173 per 
cent. total solids, 46 mg. per cent. total nitrogen, 13 mg. per cent. NPN, and 700 mg. 
per cent. chloride as NaCl. It was then dialysed against running distilled water in the 
cold room for 5 days. The dialysed solution contained 0-13 per cent. total solids, 20 mg. 
per cent. total nitrogen, 0-4 mg. per cent. NPN, and only traces of chlorides. This was 
concentrated fifteen times to about 2 per cent. total solids by putting it inside cellophane 
tubing and suspending it in the cold room in front‘of a fan. A few drops of toluene 
served as a preservative. 

900 ml. vitreous humour were obtained from one hundred bovine eyes, and shaken with 
glass beads for 2 hours until it liquefied. The solution was filtered through Seitz pads. 
The filtrate analysed 1-2 per cent. total solids, 66 mg. per cent. total nitrogen, 13-4mg. per 
cent. NPN, and 720mg. per cent. chlorides as NaCl. After dialysis in the cold room it 
contained 0-29 per cent. total solids, 46 mg. per cent. total nitrogen, 0-1 mg. per cent. 
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NPN, and traces of chlorides. The dialysed vitreous was concentrated seven times to 
about 2 per cent. total solids, using the technique described for aqueous. 


Preparation of Antisera.—Rabbits were used for the preparation of antisera against: 


(a) Seitz filtered soluble whole lens solution, 
(6) dialysed aqueous concentrated to about 2 per cent. solids, 
(c) dialysed vitreous concentrated to about 2 per cent. solids. 


The rabbits were given twice weekly subcutaneous injections of the appropriate antigen 
in the series, 0-1, 0-2, 0-5, 1-0, 1-5, and 2 ml. After this, the rabbits received weekly 
injections of 2 ml. subcutaneously, and at the same time in the same increasing series as 
above (i.e. 0-1-2 ml.) intravenously. One week after the final injection 20 ml. blood 
was taken from the heart of each animal. A week later the previous injection of antigen 
solution was repeated, and a week later a second bleeding of 20 ml. was taken. This 
was repeated for ten to fifteen bleedings after which the rabbits were rested. The sera 
were preserved with 0-01 per cent. merthiolate and stored in a refrigerator. 


Procedure 

Electrophoresis was carried out in the Hilger electrophoresis apparatus. The 
dialysed solutions of normal bovine serum, whole lens, alpha-crystallin, whole 
lens minus alpha-crystallin, aqueous, and vitreous, were adjusted to roughly 
2 per cent. proteins (N x 6-25). They were then dialysed against barbiturate 
buffer (pH 8-6 and ionic strength 0-1) for 48 hrs in the cold room. The exact 
concentration of proteins in each solution was determined by evaporation at 
102°C. and subtracting the weight due to buffer salts. Electrophoresis was carried 
out in the same buffer with a current of 15 milliamps and. a potential gradient of 
about 4 volts per centimetre. Ascending patterns were photographed from time 
to time during electrophoresis. Figs 1 to 6 (overleaf) show the electrophoretic 
patterns of the solutions in the order given above. 


Immunological Technique of Oudin.—The procedure used was a slight modifica- 
tion of the method of Bowen (1952). A stock solution of 1-6 per cent. filtered 
merthiolated agar was maintained.in a fluid state at 50°C. To this was added the 
undiluted antisera in the ratio of 0-7 ml. antisera to 0-3 ml. melted agar; 0-5 ml. 
of this mixture was poured carefully into narrow tubes 8 to 10 mm. in diameter 
and 8 to 10 cm. long. When the layer had set, the tubes were kept in the cold for 
hardening. A second layer of 1 ml. plain filtered 0-8 per cent. merthiolated agar 
was then poured over the first layer and allowed to set; 0-5 ml. dialysed and 
concentrated antigen containing about 2 per cent. solids was then added and the 
tubes were kept in the cold room for 2 days after which they were sealed and kept 
in an incubator at 37°C. The number and intensity of the bands of antigen- 
antibody precipitate in the middle layer were read on the 3rd, 7th, and 15th days. 
The number of bands represents the minimum number of antigens for which there 
are antibodies in the sera used. The intensity of a band indicates roughly the 
concentration of that antigen. The position of a band depends on the relative 
concentration of antigen and its antibody (Fig. 7). 

The Table (overleaf) gives the number of bands obtained with the different 
antigens and antibodies. 


Interpretation of Results of Electrophoresis 


The electrophoretic pattern of normal bovine serum (Fig. 1) resembles 
that of any mammalian sera; it consists of albumin, alpha-1-globulin, alpha- 
2-globulin, beta-globulin, and gamma-globulin. 
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Fic. 1.—Normal bovine serum. Elec- 
trophoretic pattern after 210 min. Total 
protein 2-52 per cent. 


Fic. 3.—Bovine alpha-crystallin. Electro- 
phoretic pattern after 150 min. Total 
protein 2-05 per cent. 


Fic. 5.—Aqueous humour. Electrophoretic pattern 


after 240 min. Total protein 1-91 per cent. 


Fic. 6.—Vitreous humour. _ Electro- 
phoretic pattern after 240 min. Total 
protein 1-76 per cent. 


Fic. 2.—Bovine whole lens. Electrophor- 
etic pattern after 210 min. Total protein 
2-17 per cent. 


Fic. 4.—Whole lens proteins minus alpha- 
crystallin. Electrophoretic pattern after 
210 min. Total protein 1-92 per cent. 


Soluble proteins of whole lens (Fig. 2) 
showed three peaks during electrophoresis. 
These probably represent the three proteins 
isolated by Burkyand Woods(1928), namely, 


alpha-crystallin, beta-crystallin, and gamma 


Fic. 7.—Oudin’s agar diffu- 
sion technique. Bottom 
layer: Anti-vitreous serum. 
Top layer: Bovine serum. 
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TABLE 
RESULTS OF OUDIN GEL DIFFUSION TECHNIQUE 





Number of Lines 





Antibody Antigen 





Whole Lens | Whole Lens 1 | 6 
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crystallin. The fastest moving component contains the alpha-crystallin, 
since its mobility corresponds with that calculated for the purified alpha- 
crystallin (Fig. 3). The small peak in the photograph of alpha-crystallin 
(Fig. 3) is probably due to the delta boundary, which is to be found at the 
starting position. 

The electrophoretic pattern of whole lens minus alpha-crystallin (Fig. 4) 
Shows that it is free from alpha-crystallin and consists of only two peaks 
corresponding to the beta- and gamma-crystallins. 

The electrophoretic pattern of concentrated aqueous humour (Fig. 5) 
resembles that of whole lens and also consists of three peaks. The mobili- 
ties of the three components of aqueous correspond with those of whole lens. 

Vitreous humour (Fig. 6) has an electrophoretic pattern which resembles 
that of serum rather than that of whole lens or aqueous, but vitreous has 
larger amounts of gamma-globulin than serum. There is also a very small 
amount of a protein marked “‘ X ”’ which has higher mobility than albumin; 


this is possibly the hyalomucoid of Hesselvik (1939). 
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Interpretation of Results of Oudin’s Gel Diffusion Technique 


It may be repeated here that the number of bands reveals the minimum 
number of antigens in each preparation. Since a single band may in fact 
be formed by the superimposition of two or more bands, there may be more 
antigens than indicated by the number of bands. Moreover, if the concen- 
tration of antigen as well as its antibody is very low, that is, below the pre- 
cipitating concentration, there will be no formation of bands. 


From the Table we may draw the following conclusions : 

(a) Bovine lens has three proteins in large amounts, probably alpha-, beta-, and 
gamma-crystallins, and three other proteins in very smal] amounts. None of 
these proteins is antigenically related to bovine serum proteins. 

(6) Aqueous humour consists of at least six proteins, three in common with lens 
proteins and the other three with serum proteins. 

(c) Vitreous humour consists of at least seven proteins, five in common with 
serum proteins and at least two with lens proteins. 


Discussion 

Our results show that lens proteins differ antigenically from blood pro- 
teins. This may explain the possibility of sensitization to one’s own lens 
protein resulting in the pathological condition of endophthalmitis. phacoana- 
phylactica. 

Electrophoresis shows that normal aqueous protein is largely derived 
from the lens since the electrophoretic pattern is similar to that of the lens. 
This is supported by results obtained by the “ Oudin ” technique, which also 
shows that the aqueous contains small amounts of serum proteins. In 
inflamed eyes and in pathological cases, however, the aqueous might re- 
semble serum in composition as reported by von Sallmann and Moore 
(1948) and Witmer (1953). Normal vitreous humour proteins, on the other 
hand, are made up largely of blood proteins since the electrophoresis pattern 
resembles that of serum. The vitreous also contains small amounts of lens 
protein, as revealed by the “ Oudin ” technique. 

These results suggest that not only injury to the lens but also any injury 
which causes aqueous or vitreous proteins to enter the blood stream can 
cause sensitization to lens proteins. This may explain the hypersensitive 
cutaneous reaction to lens protein shown by 8 per cent. of patients tested by 
Verhoeff and Lemoine (1922). 

The presence of lens proteins and a large proportion of non-protein 
nitrogen in aqueous suggests that lens proteins may be excreted into the 
aqueous through the lens capsule and destroyed by the proteolytic enzymes 
which are known to be present in the aqueous (Krause, 1933); the degraded 
non-antigenic products would then diffuse into the blood. If the lens 
proteins were not so destroyed, anaphylaxis from this source would be 


extremely common. 
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Summary 


(1) The proteins of bovine lens, aqueous, and vitreous: were examined 
by electrophoresis and by Oudin’s antigen-antibody diffusion technique. 

(2) The lens proteins were found to be antigenically different from serum 
proteins. 

(3) Normal aqueous was found to contain lens proteins and small amounts 
of blood proteins. 

(4) Vitreous was found to contain serum proteins and small amounts of 
Jens proteins, 

(5) The significance of these results in the causation of endophthalmitis 
phacoanaphylactica is discussed. 


The authors are grateful to the Indian Council of Medical Research for the award of a research 
grant to one of us (S.N.C.), to Dr. A. K. Hazra for his keen interest, to Mr. K. P. Prabhu and 
Dr. T. N. Ursekar for help during the course of this work, and to Dr. P.M. Wagle, Director of the 
Haffkine Institute, and Dr, R. G. Dhayagude, Dean of the G. S. Medical College, and the King 
Edward VII Memorial Hospital, for providing laboratory facilities. 
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CLINICAL STUDY OF COLOUR VISION* 


BY 


R. A. CRONE 
From the Ophthalmological Clinic, University of Amsterdam (Director: Prof. Dr. A. Hagedoorn) 


THE analysis of colour defects and individual differences in normal colour 
vision requires an apparatus in which spectral stimuli are used. It should be 
possible to determine the following: 
(1) Relative luminous efficiency of spectral light (luminosity curve). 
(2) Threshold of wavelength discrimination in spectrum (hue discrimination curve). 
(3) Threshold of saturation discrimination in spectrum (purity discrimination curve). 
(4) Trichromatic coefficients of spectral colours (colour mixture curves). 

In clinical practice these tests are too time-consuming, and the examination 
has therefore to be limited to the determination of a few points on every 
curve at various wavelengths, but it is desirable that in some special cases 
the analysis should be carried out more completely with the same apparatus. 

The Nagel anomaloscope, the only apparatus in general use for detecting 
defective colour vision, was designed to make one colour match: between 
monochromatic yellow and a mixture of red and green in the spectrum. 
It is a direct vision spectroscope with a circular field of about 2 degrees 
diameter, divided into two halves. The lower half of the field is illuminated 
by monochromatic yellow light from a slit of variable width, which can be 
controlled by the right-hand screw. The upper half of the field is illuminated 
by a,mixture of monochromatic red and green. How the beams are made 
monochromatic will be clear from the diagram of the optical system of the 
anomaloscope (Fig. 1). The ratio between the widths of the slits for red 
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Fic. 1.—(A) Lateral view of optical system of modified spectroscope. (B) Plan. 
*Received for publication May 17, 1954. 
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Slit for red 
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and green is controlled by the left-hand screw. The observer has to adjust 
both fields to equal hue by operating the left control and to equal brightness 
by operating the right control. 

The anomaloscope is easy to handle and satisfactory for distinguishing 
the well-known defects of red-green discrimination, but cannot be used for 
more extensive investigations. 

The instrument-maker of the Amsterdam Eye Clinic, Mr. C. van den 
Bosch, has therefore reconstructed a Nagel anomaloscope at my directions 
(Fig. 2). 


. Wavelength control. 

Axis of ocular tube. 

. Lamp for white light. 

Small neutral wedge. 

. Lamps for illumination of rotating sector. 
. Circular field of white light (for constant 
state of adaptation). 

. Rotating slit with circular neutral wedge. 
. Speed control of rotating sector. 

. Container of rotating sector. 
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Fic. 2.—General view of apparatus. 
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To make a more universal apparatus the following changes have been 
made: 


(A) The light source has been replaced by a Leitz projector, the intensity of light being 
thus increased thirty times. The intensity can be lowered by neutral filters. 


(B) The ocular tube can be rotated around a vertical axis through the observing end 
of the prism (anomaloscope, type II). Any monochromatic light can now be matched 
with a mixture of two colours of the spectrum, the wavelengths of which are determined 
by the choice of the monochromatic stimulus. With this device we are still far from the 
determination of colour mixture curves mentioned above, because it is not possible to 
compare a light of variable wavelength with a mixture of matching stimuli of constant 
wavelength. But at least we can perform a colour equation in the short wave half of 
the spectrum which is analogous to the Raleigh equation in the other half of the spectrum. 

When a blue light of wavelength 0,480y is chosen as monochromatic stimulus, the 
matching stimuli available are blue-violet (0,455) and green (0,513). 

For an exact match the monochromatic blue has to be desaturated by white light. 
How this is achieved is described below. A small neutral filter must be put before the 
“red” slit of the original anomaloscope to make the blue-violet and green of approxi- 
mately equal brightness. 

An equation for tritanomaly has been advocated by Trendelenburg (1941). An 
anomalous match is not a proof of tritanomaly, as abnormal ocular pigmentation is likely 
to yield the same deviation from the normal match. The wavelength discrimination 
curve, however, will be abnormal in the case of tritanomaly and normal in the case of 
abnormally heavy ocular pigmentation. I have already found instances of both 
possibilities. 

(C) The double prism in the ocular tube, which divides the colorimeter field into two 
halves, has been mounted so that it can be replaced by a single prism. This prism has 
the same angle as both halves of the biprism, and is placed base up. The circular field 
will now be illuminated homogeneously by any monochromatic light from the ‘* yellow ” 
slit,.according to the position of the ocular tube. For the determination of the luminosity 
curve, a flicker photometer has been included. A whitened rotating sector, illuminated 
at the observer’s side by a lamp situated at each side of the ocular tube, intercepts the pencil 
of monochromatic light. Flicker is observed but disappears when the white light and 
the monochromatic light are ef equal brightness. From the slit widths at each wave- 
length the luminosity curve can be computed. The range of measurement of the slit is 
much enlarged by neutral filters. The speed of the sector can be mechanically adjusted 
to the minimal frequency when white and monochromatic light of equal brightness are 
fused. 

The brightness measurements ate carried out at a brightness level of about 100 photons, 
but at the short wave end of the spectrum (between 0,460 and 0,425) the brightness is 
inevitably lower. 

Brightness measurements yield important data in cases of unclassified colour defects, 
and are of value in detecting heterozygous carriers. 

Among other atypical cases the author has recorded the luminosity curve in a case of 
cone monochromatism. The maximum of the curve was displaced towards the red end 
of the spectrum, as in deuteranopia. 

(D) For determination of the threshold of saturation a source of light has been mounted 
at the right side of the anomaloscope (Vierling, 1928). 

The white light of this source (colour temperature 5,000° K) is reflected by the back of 
the prism into the ocular tube. By a diaphragm the white light can be shut off from the 
upper colorimeter field, while in the lower field the brightness can be adjusted by a small 
neutral wedge. 
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For the determination of purity discrimination, white light is admitted into both fields. 
In addition, the lower field is illuminated by monochromatic light (from the “* yellow ” 
slit). When a difference in colour between the two fields can just be detected, the amount 
of monochromatic light needed is measured. Meanwhile, the fields have to be adjusted 
to equal brightness by the neutral wedge. From these data, combined with the luminosity 
curve, a purity discrimination curve can be computed. 

To determine the neutral point in a case of dichromatism, the white light can be shut 
off from the lower field; thus, monochromatic light in the lower field can be compared 
with white light in the upper field. 

(E) For the measurement of the threshold of wavelength discrimination in the spectrum 
of equal brightness, the Nagel slit system is replaced by one slit 0-2 mm. in width, which 
can be rotated around the axis of the collimator tube. When the slit is placed perpendi- 
cularly, both colorimeter fields are illuminated by light of the same wavelength, but when 
the slit is slightly rotated the wavelengths differ. 

At each setting a difference in brightness must be compensated by a circular neutral 
wedge before the slit. This wedge can be rotated around the same axis as the rotating slit. 
The brightness level in the different parts of the spectrum is roughly equalized by neutral 
filters in front of the projector. 


Calibration of the Apparatus.—The wavelength scale has been calibrated by 
placing the “yellow” slit of the apparatus before the slit of a commercial 
spectrophotometer. 

The impurity of the monochromatic light is principally determined by the width 
of the exit pupil and to a lesser extent by the (variable) width of the slits. Ata 
wavelength of 0,600, the width of the spectrum at the exit pupil is 0,007; at a 
wavelength of 0,500,, it is 0,004. The slits are opened from one side only, which 
causes a slight shift in the spectral composition of the light. The maximal shift 
of the dominating wavelength, between light from a very narrow slit and from a 
widely opened slit, is less than 0,003 at a wavelength of 0,600. 

The “‘ neutral ”’ filters have been calibrated for each wavelength in a spectro- 
photometer. The energy of the spectrum used has not been measured. The 
luminosity data, therefore, cannot be corrected for an equal energy spectrum, but 
have to be compared to a mean curve of a number of normal trichromats. 


It has thus been possible to construct a modified Nagel anomaloscope 
providing a simple universal apparatus for the clinical investigation of colour 
vision. 
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PRESERVATION OF OPHTHALMIC SOLUTIONS 
A CRITICAL EVALUATION* 
BY 
M. L. FRITH anp S. E. WRIGHT 
Pharmacy Department, University of Sydney 


ALTHOUGH the preparation of sterile ophthalmic solutions does not present 
undue difficulty to trained personnel, the prevention of contamination 
during use has always been a problem. Denston (1949), in a review of the 
British National Formulary (1949), stated that: 
Serious ill-effects arising from the use of infected eye-drops were reported to the 
National Formulary Committee. 

The inclusion in eye-drops of a suitable preservative would therefore 

appear necessary. The ideal preservative should be 
(a) bactericidal and fungicidal, 
(b) compatible with most chemicals used in ophthalmic preparations, 
(c) non-irritating and non-sensitizing. 

The most commonly accepted preservative is the mixture of methyl and 
propylhydroxybenzoates used in the “ Solution for Eye-Drops” of the 
British Pharmaceutical Codex. These hydroxybenzoates, being relatively 
efficient fungicides, will keep the solutions free from mould growth (Hasler, 
1939). In the strength used however, they are not bacteriostatic and will 
allow the growth of pathogenic bacteria. Chlorbutol (0-5 per cent.) is often 
used (Adelaide Children’s Hospital Pharmacopoeia) although it is not very 
stable to heat (Murphy and Stoklosa, 1952), and may be somewhat irritating 
to the eye. The use of phenylmercuric nitrate (1 in 100,000) has also been 
advocated (Hind and others, 1947), but its bactericidal properties have 
recently been questioned (Engley, 1950), and even at this low concentration 
it has many incompatibilities. It is therefore difficult to find a chemical 
which satisfies all requirements, but many of the desired properties are 
exhibited by certain quaternary ammonium compounds such as cetrimide 
B.P., and benzalkonium chloride U.S.P. 

McPherson and Wood (1949) used 1 in 5,000 benzalkonium chloride as a 
means of producing “ self-sterilizing ophthalmic solutions”. As the 
quaternary ammonium antiseptics inhibit some organisms in concentrations 
as low as 1 in 500,000 (Quisno, Gibby, and Foter, 1946), and since high 
concentrations of these substances may be irritating and incompatible with 
chemicals used in ophthalmology, it appeared to us that a more dilute 
solution of these compounds might answer most of the requirements. 





*Received for publication October 26, 1954. 
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Experiments 

(1) Bactericidal Effect—Cetrimide 1 in 50,000 was used on Staphylococcus 
aureus and compared with ‘‘ Solution for Eye-Drops ’’, using distilled water as a 
control. A pure 18-hr broth culture was diluted 1 in 10 with sterile distilled water, 
and one drop added aseptically to the test solutions, two bottles of each being used. 

The solutions were allowed to stand for 24 hrs before being diluted 1 in 20 
with sterile distilled water before plating out. We found that this dilution lowered 
the strength of the preservative below bacteriostatic strength. The flood-plate 
method of Anderson and Stuart (1935) was used on nutrient agar, pH 6-8. A 
small volume (0-7 ml.) of each diluted solution was plated out and incubated at 
37°C. for 3 days. The results, shown in Table I, indicate that “‘ Solution for 
Eye-Drops ”’ supports the growth of Staphylococcus aureus to about the same 
extent as distilled water, whilst cetrimide 1 in 50,000 is lethal to Staphylococcus 
aureus within 24 hrs. 


TABLE I 


EFFECTS OF CETRIMIDE | IN 50,000 AND “SOLUTION FOR EYE-DROPS ” 
ON STAPH. AUREUS AFTER 24 HRS’ CONTACT 





Bo l 
Colonies 





Solution | Cetrimide | 


for Eye-Drops | 1 in 50,000 





173 | None | 460 
230 ed None | 520 
| 550 | None 390 
| 567 None | 286 
| | 414 





Average No. of Colonies 380 | None 





(2) Preservative Effect.—Cetrimide, chlorbutol, and ‘‘ Solution for Eye-Drops ” 
were studied, using Staphylococcus aureus, Bacterium coli, Pseudomonas pyocyanea, 
and Proteus vulgaris as test organisms. 

Preliminary experiments with Ps. pyocyanea indicated that cetrimide 1 in 50,000 
was too dilute to produce any rapid lethal effect with this organism, and the 
concentration of cetrimide was increased to 1 in 20,000. A pure 18-hr broth 
culture was used in each case, incubation being at 37°C. The test solutions were 
sterilized by autoclaving at 115°C. for 30 min. before addition of the test organisms. 
Each culture was diluted 1 in 10 with sterile distilled water before the addition of 
one drop of diluted culture to each of the following test solutions: 

10 ml. cetrimide 1 in 20,000; 

10 ml. chlorbutol 0-5 per cent.; 

10 ml. “* Solution for Eye-Drops ”; 
10 ml. distilled water. 


Samples (1 ml. each) were taken from the test solutions and subcultured into 
9 ml. nutrient broth at intervals of 15, 30, and 60 min. after the addition of the 
test organism. The nutrient broth used was the neutralizing medium for quater- 
Nary ammonium compounds described by Quisno, Gibby, and Foter (1946); it 
contained lecithin as the chemical inhibitor with Tween 80 as a dispersing agent. 
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The results of many experiments observed after 5 days’ incubation at 37°C.’ are 
summarized in Table II. 
TABLE Il 


SURVIVAL OF SOME PATHOGENIC ORGANISMS IN PRESERVATIVE TEST 
SOLUTIONS AFTER SHORT CONTACT INTERVALS 





: 
Organism a Proteus B. coli Staph. 
vulgaris aureus 


30 30 30 





Contact Interval(min.) 
Distilled Water 











a 
= 
+ 


+ + 
Solution for Eye-Drops + + 
+ + 


Antiseptic 
Chlorbutol 0:5 per cent. 


Cetrimide 1 in 20,000 | — —|—|j— — 















































+ Growth. —No Growth. 


Five strains of Ps. pyocyaneus were tested: ‘* Sharke ’’, and four other distinct, 
yet unidentified, strains isolated from tissue. Two strains of Proteus vulgaris were 
tested: OXK and X19. In no case did the organism survive after 15 minutes’ 
contact with the cetrimide solution 1 in 20,000. 


(3) Tests for Irritation —Two ophthalmic solutions were prepared, one of sterile 
distilled water and one of sterile distilled water containing cetrimide 1 in 20,000, and 
63 adult persons with normal eyes were tested, one drop of each solution being 
placed ineacheye. The nature of the solutions was not disclosed and the reactions 
were noted. Of the 63 persons tested, nineteen said they experienced slight irrita- 
tion with distilled water, and eighteen experienced slight irritation with cetrimide 
1 in 20,000. Included in this result are several who apparently experienced 


irritation with both solutions. 


(4) Tests for Compatibility—Cetrimide 1 in 20,000 is compatible with most 
ophthalmic drugs. No precipitate, turbidity, or opalescence occurred with 
solutions of boric acid; borax, copper sulphate, pilocarpine nitrate, sodium 
chloride 0-9 per cent., penicillin, cocaine HC1, zinc sulphate, atropine sulphate, 
fluorescein sodium 2 per cent., hyoscine hydrobromide, sodium propionate, 
sodium sulphacetamide, borate, or phosphate buffers. Cetrimide 1 in 20,000 
was compatible with physostigmine salicylate 0-5 per cent., although precipitation 
occurs with higher concentrations of cetrimide (1 per cent.). Precipitation also 
occurs with solutions of silver nitrate and mercuric chloride. 

Discussion 

Where ophthalmic solutions are sterilized and used under aseptic condi- 
tions it is neither necessary nor desirable to include any preservative. How- 
ever, where such conditions do not exist, contamination may readily occur 
and a preservative should be included to prevent the growth of pathogens 
introduced during use. There appears to be no substance which answers 
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all the requirements of an ideal preservative. Our studies indicate that 
cetrimide 1 in 20,000 satisfies most requirements : 


(a) it rapidly destroys common pathogenic bacteria, 
(b) it is compatible with most chemicals used in ophthalmology, 
(c) it is non-irritating. 


Furthermore, it is readily soluble in water and is stable to autoclaving. 
Its value as a fungistatic has not been established, although it is known that 
solutions of cetrimide will not support the growth of many common moulds. 


We should like to thank Dr. Caruthers of the Concord Repatriation General Hospital, Sydney, 
for isolating and preparing the strains of Pseudomonas pyocyaneus. 
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CASE NOTES 


QUININE AMAUROSIS 
5 BY 


S. M. DRANCE 
Edinburgh 


ALTHOUGH amaurosis due to quinine poisoning is now relatively rare, 
occasional cases still occur. When quinine is used as an abortifacient, the 


initial history may be misleading, as in the present case, but the presence of 
characteristic changes in the fundi usually enables one to be reasonably 


certain in arriving at a diagnosis. 
The present case is considered worthy of special record in view of the fact 


that the fundi remained normal for a period of {1 days after the ingestion of 
0-5 oz. quinine by mouth, 


Case Report 


A woman, aged 20, was admitted to hospital on June 2, 1953, with a history of vomiting 
for 12\hours, loss of consciousness for about an hour after the vomiting started and 
drowsiness for about 10 hours. Shortly after the onset of the emesis she developed some 
tinnitus and partial deafness, and this was followed, about 30 minutes later, by the sudden 
onset of blindness. She did not complain of any pain and there had been no diarrhoea. 

There was no history of ingestion of any noxious substance and the last menses was 
alleged to have taken place 28 days before admission to hospital. 

Examination revealed a drowsy patient who could be roused to answer questions. She 
gave the impression that her hearing was still slightly impaired. The temperature was 
100° F., the pulse rate 80 per minute, and the blood-pressure 120/80. 

Both pupils were widely dilated and failed to react to light. The patient had no per- 
ception of light in either eye. The media were clear. 


Both fundi appeared perfectly normal. 
Examination of the cardiovascular, respiratory, and central nervous systems did not 


reveal any abnormal signs. 

A palpable swelling was found in the supra-pubic region, which appeared to arise in the 
pelvis and extended. some two fingers breadth above the symphysis pubis; some vaginal 
bleeding was also noted. Catheterization showed a normal urine and made no difference 
to the abdominal swelling which was suspected to be an enlarged uterus. The patient 
and her mother at first insisted that there had been no amenorrhoea and that the vaginal 
bleeding was a perfectly norma] menstrual period. On further questioning, however, 
and on confronting the patient with the true facts and suspicions as to the origin of 
the amaurosis, she admitted to having taken 0-5 oz. quinine by mouth 3 hours before the 
onset of symptoms, in an attempt to induce an abortion. 
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Progress 


June 4, 1953.—Evacuation of uterus. Ser : 

June 6, 1953.—Able to count fingers at half a metre. Fundi still perfectly normal. Pupils 
react sluggishly to light. 

June 8 1953.—Visual acuity 6/9 in each eye. Examination of the visual fields shows 


changes consistent with a diagnosis of quinine amblyopia (Fig. 1). 


LEFT EYE RIGHT EYE 


Fic, 1,—Visual fields one week after onset of amaurosis. Right eye: 6/9 and J1; 
left eye: 6/9 and J). Targets: 3&5 and 342, white. 


June 12, 1953.—Fundi normal. 4 

June 13, 1953.—Both optic discs show pallor for the first time since admission to 
hospital, and the retinal arteries exhibit marked constriction especially on the nasal side of the 
fundus. 

July 9, 1953,—Visual acuity 6/5 in each eye. The fields of vision show some improve- 
ment (Fig. 2). 


LEFT EYE RIGHT EYE 


Fic. 2.—Visual fields 5 weeks after onset of amaurosis showing a good degree of 
recovery. Right eye: 6/5 and J1; left eye: 6/5 and Ji. Targets: 3%y, 540, 2d80> 
and gz%_ white. 
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July 17, 1953.—Patient complains mainly of difficulty in seeing in the dark and of difficulty 


in moving amongst traffic. 
August 21, 1953.—Patient returns to work as a sorter in a chocolate factory. Her only 


complaint is of difficulty with night vision, and of bumping into objects or people in the dark. 


Discussion 

Although amaurosis as a result of quinine poisoning is, as has already been 
said, relatively rare, most cases which do occur probably follow the taking of 
a large dose of quinine as an abortifacient (Scott, 1953). 

In most cases the fundi exhibit characteristic appearances. The retina, in 
the earliest stages, is normally pale and often oedematous, the discs are pale, 
and the arteries are either markedly constricted when the patient is first 
examined or develop such signs within a few days (Braveman and others, 
1946; Guha, 1946; Bishay, 1946; Pelner and Saskin, 1942). 

Duggan (1940) however, reports a case with normal discs and normal 
vessels during the acute stage of the poisoning, although the retina was grey 
and oedematous. 

McGregor and Loewenstein (1944) also reported a case with normal retinal 
vessels, but again the retina was milky in appearance and there was a cherry- 
red spot at the macula. 

Smith (1919) described, in patients recovering from quinine amaurosis, the 
paradox that the retinal vessels may become increasingly narrow and the 
optic discs increasingly pale as vision improves. 

The present case is of particular interest in that during the initial stage of 
blindness the fundi appeared perfectly normal, and abnormal changes did 
not appear until 11 days after the ingestion of quinine. 

There appear to be two schools of thought (Duke-Elder, 1940) regarding 
the mechanism concerned in the production of quinine amblyopia: 


(i) that the drug has a toxic effect upon the nerve elements in the ganglion cell layer of 
the retina, or alternatively 
(ii) that the blindness is secondary to the vasoconstriction of the retinal vessels. 


The findings recorded above seem to support the view that quinine has a 
direct toxic effect upon the cells of the retina, a conclusion formerly reached 
by Traquair (1949), who considered that “* the poison acts directly upon the 
ganglion cells and nerve fibres, particularly the peripheral elements”. 

There would seem to be no doubt that the vascular change in the fundi is 
a secondary one, and not the initial cause of the amaurosis. 


Conclusions 
(1) The history in cases of quinine poisoning, when the drug has been used 
as an abortifacient, cannot be relied upon in establishing a diagnosis, and 
may even be deliberately misleading. 
(2) Amaurosis due to quinine may occur in the presence of perfectly 
normal fundi, and the latter may remain normal for as long as 10 or 11 days. 
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(3) It would seem that the quinine amblyopia, or amaurosis, is due to 
direct action of the poison upon the cells of the retina, and that the vaso- 
constriction of the retinal vessels is a secondary effect. 


Summary 


(1) A case of quinine amaurosis is reported. 

(2) The fundi were perfectly normal at the onset of the blindness and 
remained so for 11 days. 

(3) The quinine had been taken as an abortifacient, the history given by the 
patient being deliberately misleading. 


I wish to thank Mr. J. A. Magnus for permission to report this case which came under observa- 
tion at the County Hospital, York, and Dr. G. I. Scott for his advice in the presentation of this 
report. 
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MOOREN ULCER IN A CORNEAL GRAFT* 
BY 
A. J. BOASE 
Uganda 


THE sequence of events in the following case make it one of unusual interest 
and warrant its being put on record. 


Case Report 


A male native of the Congo, about 35 years old, was brought to Mulago Hospital, 
Uganda, in February, 1954. He had become blind some months before from what seemed 
to be the very common condition of total leucoma adherens following a purulent oph- 
thalmia. Each cornea was opaque and in neither eye could iris tissue be made out with the 
slit-lamp. Finger tension was normal, and there was vague perception of light. The case 
was considered hopeless, but as the patient had come a great distance and pleaded for 
something to be done, a 10-mm. penetrating keratoplasty was done on the left eye on 
February 25. To my great surprise the iris was found to be normal in all respects. A 
very small pyramidal cataract, presumably congenital, was seen in the centre of the 
pupillary area. The graft was fixed with edge-to-edge sutures. On March 8 it was 
beautifully clear, the iris pattern and the polar cataract were easily seen, and the illiterate 
patient readily identified small objects held at the end’of his bed. He was very pleased 
with himself and impatient for the second eye to be treated. 

On the following day the sutures were removed under pentothal, and it was then noted 
that a small peripheral zone at 5 o’clock was slightly hazy. Within a week the graft was 
bluish-opaque, and vision reduced to barely hand movements. Vascularization soon 
followed despite the local and systemic use of cortisone. 

The outcome was of course not entirely unexpected, having regard to the total opacity 
of the host cornea, but the healthy state of the inner eye encouraged a slight hope of success 
with a re-graft. Because of the large size of the first graft I had intended to reverse the 
usual procedure by using a smaller one. If this too became opaque one could always do a 
larger one at a later date. There was also the idea that whatever “ antibody-antigen 
reaction ” factor had induced opacity in the first graft might by that time have been 
neutralized, leaving the second to exert hypothetical therapeutic powers, perhaps to the 
extent of clearing the first. 

These theoretical considerations came to nothing, for at the beginning of May, when 
the eye seemed to be ready for the second operation, the patient started to complain of 
pain, of which so far he had been remarkably free. Examination revealed a slight furrow 
at 5 o’clock equally disposed between graft and host. This rapidly spread in typical 
Mooren fashion and within 3 weeks had involved nearly all the circumference of the graft 
and most of the main area, leaving a small island connected to the periphery by a narrow 
bridge at 11 o’clock. The advancing edge was all the time deeply undermined and the 
eroded area showed the uneven “ granular” appearance that a Mooren ulcer leaves in its 
wake. A paracentesis on May 27 was without benefit. The erosion went on until the 





*Received for publication December 3, 1954. 
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entire superficial layers of the graft had disappeared. As far as I could tell the adjacent 
host rim suffered a like fate. At no time did it seem that perforation was likely to occur. 
The patient, now thoroughly despondent, refused further treatment and was taken away 
and lost sight of. The use of pentothal during the removal of the sutures proved to have 
been most unfortunate as he remained convinced that his eye was destroyed while he was 
asleep. 


Discussion 

Is it unreasonable to suggest that the original trouble may have been a bilateral 
Mooren ulcer? Admittedly, the corneal opacities were more dense than one 
expects to find in that condition, but one can hardly imagine a purulent ulcer 
involving the whole corneal surface without leading to perforation and a leucoma 
adherens, or at the least post-inflammatory damage to the iris. That such did not 
occur was clearly established in the case of the left eye, and there was no particular 
reason for choosing this eye rather than its fellow for the operation; they both 
presented a similar appearance. In favour of the Mooren aetiology was the 
patient’s insistence, on close questioning after the event, that before he lost his 
sight pain was the main symptom. There does not appear to have been a frank 
purulent discharge, nor did the state of the tarsal conjunctivae suggest a recent 
severe inflammation. 

In following the events in the graft, one is impressed by the new access of pain, 
which was really severe, at a time when it could no longer be ascribed to the 
reparative process of healing. Iritis as a factor might be discounted for the patient 
was on atropine and cortisone drops throughout. Is the pain to be explained 
solely by involvement of nerve-ends in the host rim of cornea, or can one deduce 
from it the complete integration of the graft with the host, even to the extent of a 
nerve supply? If so, is there any reason why the unknown factor that induces a 
Mooren ulcer should not influence this newly assimilated corneal tissue in precisely 
the same manner? For it would seem that the only obstacle to unlimited spread of 
a Mooren ulcer is lack of corneal surface: an assimilated graft should provide 
further territory for expansion. Dare one go further and suggest that the invasion 
of a graft by a Mooren ulcer could be accepted as evidence favourable to the 
concept that seeks to explain this syndrome on a neurogenic basis? 


Summary 
A case is described in which a corneal graft underwent the clinical syndrome 
of a Mooren ulcer. 
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THOMAS ELLIOT, 1817—1859 
A FORGOTTEN OPHTHALMOLOGIST* 
BY 
ADRIAN LAMB 


Perth, Western Australia 


But Doctor, it’s only Jimmie’s right eye that has the cast. Why must you operate on 
the other one as well? 
How often has a puzzled parent confronted us with that question and, before 
answering, who among us has ever wondered what brave man first grasped 
his courage and advanced his scalpel at the “ good eye”? That man died 
almost one hundred years ago; he lived in the then remote town of Carlisle, 
and he was a Scotsman called Tom Elliot. 

The Carlisle Patriot of October 22, 1859, published a long and graceful 
obituary: 

For nearly 20 years he has enjoyed a high reputation as a surgeon . . . He passed 
his examinations at the Royal College of Surgeons, London. He commenced practice 


in partnership with his brother [William Elliot], and soon acquired considerable 
repute in consequence of some observations which he published on the subject of 
squinting. 

These observations had been published in the Lancet (1840) and in the 
Edinburgh Medicai and Surgical Journal (1841). How refreshing it is to read 
the opening sentence of his first communication to the editor of the Lancet: 

Sir, You will oblige me by inserting the following remarks in the next number of 
the Lancet. 

Thomas Elliot, born in 1817, was the son of a doctor. His father came 
from Whitehaugh in Roxburghshire, where Elliots live to this day and are 
famous for their stock-breeding and rugby prowess. After graduating at 
Edinburgh, Dr. Elliot studied in Paris and then settled in partnership in Car- 
lisle. His first paper, published at the age of 23, is an object lesson in clinical 
observation and reasoned deduction. Perhaps a little pedantic in style, with 
unfamiliar terminology, much of the original paper is worth quoting: 

On the subject of division of the internal rectus in strabismus convergens: 

In three of the cases upon which I have performed the operation, the division of the ten- 
don of the adductor muscle was not followed by any apparent immediate change in the 
position of the eye, notwithstanding the complete division of the tendon. In the first of 
these the eye which was operated upon became straight on the following day at the expense 
of its fellow which became inverted. 

I drew the following inferences: 

(1) That the strabismus could not be regarded as confined to one eye, since, when the 
sound eye was closed, the affected one became straight and could move in any direction, 
but on raising the lid of the former it was found inverted, though the position of the eyes 
was soon reversed again. 
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(2) That the straight position of the sound eye appeared to me to depend on the state of 
its optic nerve, as vision was much more distinct with it when the squinting eye was closed, 
than vice versa. 

(3) That the convergence was mutual, as was seen by the inversion of the sound eye, when 
(after closing it) the eyelid was quickly raised. 

(4) That the return of the sound eye to the centre of the axis of the orbit must be the 
result of a muscular effort, an effort sufficient to overcome the contraction of its undivided 
adductor, and made to accommodate its more distinct vision. 


The first inference is probably the most fundamental ever drawn:in the 
basic. understanding of concomitant strabismus. The second, third, and 
fourth anticipate astonishingly accurately our present-day views on amblyopia 
and the accommodation convergence reflex. 

Elliot then throws scorn on much of the contemporary theory and practice 
concerning the treatment of strabismus and in particular scoffs at a certain 
Dr. Liston who advocates division of the superior and inferior recti in all 
cases of convergence. The paper ends with these adventurous words: 


The plan I determined upon was the division of the tendon of the adductor of the sound 
eye, after section of the other adductor had failed. 


And how dramatic the result: 


I then divided the same tendon of the right eye and it instantly became everted and paral- 
lel with the inverted left eye. On being directed to look forward the eyes were straight, in 
short, perfectly natural. 


Dr. Elliot had made a profound discovery, and 3 months later, in 1841, 
he elaborated it in a long paper to the Edinburgh Medical Journal. Fortunately 
he continued to observe and deduce, and many of his conclusions reached over 


one hundred years ago agree with those we hold to-day. Hedefined accurately 
both paralytic and concomitant strabismus and an example of the former may 
be quoted: 


. . . . on looking to the right side both eyes were much inverted. On looking to 
the left side, the eyes were parallel. 
And how acute is the following: 


If the eyeball be large it will be less acted on by the inner fibres of the superior and in- 
ferior recti, unless their tendons be large in a corresponding degree, so as to wrap over 
the inner side of the eyeball, which I have not observed to be the case. 


There is also a description of eccentric fixation, or the “ false” macula: 
. . where the centre of the retina of the inverted eye is not the most sensible part. 


Who can fail to recognize this congenital nystagmus in a child aged 6? 
....@ peculiar rotatory motion is constantly seen in both eyes, probably caused 
by an irregular action of the two oblique muscles. 
Elliot was fully alive to the rationale of occlusion in the treatment of 
amblyopia, and was something of an orthoptist: 


The eye must be bandaged and the other eye must be regularly practised till the. 
sight of both be made to correspond. 
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Ficure.—Memorial plaque in Carlisle 
Cathedral. 


He must have had remarkable 
manual dexterity, and his patients 
remarkable fortitude. Local anaes- 
thesia was still unknown. 

The patient being seated on a chair, a 
tablecloth was passed round her arms and 
body and secured . . . . one blade of a pair 
of a small curved eye-scissors was then 
passed through the conjunctiva. . . . a blunt 
hook was next passed’. . . . Considerable 
difficulty is occasionally experienced in con- 
sequence of the violent spasmodic contrac- 
tion of the orbicularis In operating 
upon children it is advisable to secure the 
legs and feet to the chair The 
operation I have frequently performed in 
fifteen seconds. 

The Carlisle obituary says little but 
reveals much. Elliot was a greatly 
loved surgeon. He worked too hard. 
He died of typhus at the age of 42. 
He is probably the only ophthalmic 
surgeon commemorated by a plaque 
in a cathedral. Few have heard of 
him, but perhaps this short note, 
inspired by Dr. J. A. Ross of Carlisle, 
may do something to revive the 
honoured memory of one to whom 


the present-day ophthalmologist owes so much. 
REFERENCES 


Exot, T. (1840). Lancet, 1839-40, 2, 927. 
(1841). Edinb. med. surg. J., 55, 370. 

The Carlisle Journal. Oct. 21, 1859. 

The Carlisle Patriot. Oct. 22, 1859. 





@ weet ee eb eee oe ae we 


Brit. J, Ophthal. (1955) 39, 187, 


A SHORT NOTE ON THE ROSS FOUNDATION 
AND 


THE DISCOVERY AND USE OF ALBUCID 
SOLUBLE (sodium sulphacetamide) IN 
OPHTHALMOLOGY 


BY 


A. H. H. SINCLAIR 
Edinburgh 


The W. H. Ross Foundation for the Study of the Prevention of Blindness 
(Edinburgh) was registered on March 15, 1935, and was later extended to all 
Scotland. Mr. William Henry Ross, O.B.E., was born in 1862 and was edu- 
cated in Edinburgh. He made a remarkably successful career with the Dis- 
tillers’ Company, which in a large measure he created by assembling in one com- 
pany many distilleries which had previously been in competition with each other. 
Mr. Ross became chairman of the company in 1925, but after 10 years Jost his 
sight and for this reason resigned his chairmanship. He died in August, 1944, 
having seen his Foundation at work for 9 years and being much’ gratified thereby. 
He evinced a spirit of devotion to the public interest throughout his life. Not 
only was he generous in thought; he was equally so in action. 

His reaction to the experience of blindness was a desire to be of service to others. 
While his sympathies were naturally drawn to the assistance of those who were 
already blind, he came to realize that the prevention of blindness offered a greater 
prospect of securing valuable and lasting benefits for the community. His atten- 
tion had been drawn to the fact that there was a pressing need to deal with the 
dangers to sight incidental to the many kinds of industrial employment, and he 
became thoroughly alive to this aspect of ophthalmology. 

This being so, the writer put forward a scheme for the study of the causes and 
prevention of blindness, and Mr. Ross decided to endow a foundation for this 
purpose, to be called “The W. H. Ross Foundation for the Study of the 
Prevention of Blindness”. Three honorary trustees were appointed to give 
practical effect to the scheme envisaged: j 


A. H. H. Sinclair, M.D., F.R.C.S.E., F.R.S.Ed., then President of the Royai 
College of Surgeons and Surgeon-Oculist to H.M. the King in Scotland. 

W. H. Fraser, W.S., of Messrs. Fraser, Stodart, and Ballingall, Writers to the Signet, 
16 Castle Street, Edinburgh. 

H. J. Ross (now Sir Henry Ross, and chairman of the Distillers’ Company) son of 
the founder. ; 


Dr. Sinclair was appointed chairman of trustees by the founder, and the general 
lines of procedure were communicated by him to the founder and the other 
trustees. The substance of these proposals may be stated briefly as follows: All 
research undertaken under the auspices of the foundation would in the first place be 
initiated by the foundation. It was recognized that the academic centre in Edin- 
burgh, the Eye Department of the Royal Infirmary there, and the large and varied 
industries of the city and surrounding country, provided unique advantages for the 
Successful pursuit of the project in view. The scientific studies which would be 
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fundamental to this work could be adequately undertaken only under expert guid- 
ance and with the resources of fully equipped laboratories: this advantage was 
secured in the Medical School of the University of Edinburgh. The work would 
be carried out by trained departmental assistants together with a selected oculist. 
Experts would be encouraged to publish the results of their work under their own 
name in a journal of their own choice, the only proviso being an acknowledgment 
that the work had been carried out under the auspices of the Ross Foundation. 
Two reprints of each published paper would be gladly accepted by the foundation. 
Clinical research would be undertaken in the Royal Infirmary of Edinburgh and 
elsewhere, under the guidance of heads of departments. All expenses would be 
met and honoraria given by the Ross Foundation as each case required. Indus- 
trial undertakings would be kept in view for early action. 

It was decided that an advisory committee should be formed and that in the first 
instance the members of the honorary staff of the Eye Department, the Royal 
Infirmary, should be members ex officio, with Dr. Sinclair as convener and Dr. C. 
W. Graham as hon. secretary. The first meeting of the advisory committee was 
conyened on March 29, 1935, to consider preliminary arrangements. 

It was realized that the problem of the prevention of blindness could with advant- 
age be divided into two parts: one dealing with industrial injuries, either by improv- 
ing existing preventive measures or devising new ones, and the other with scientific 
experimental research. 

It was decided to have a statistical survey made of such diseases and conditions 
arising from injury as occurred in considerable numbers in the routine work of the 
Eye Department of the Royal Infirmary. At the same time it was proposed that 
a broad analysis should be made of the causes of blindness found as a result of the 
examination of persons who had appeared before the medical officers of the 
Regional Clinic for the Blind in Edinburgh. A certifying clinic for admission to 
the Blind Register had been established in Glasgow in 1929 and clinics were [ater 
established at Edinburgh, Dundee, Aberdeen, Dumfries, and Inverness. This 
arrangement embraced the whole of Scotland. 

Early in 1937 it became evident to the advisory committee that continuity of 
progress demanded the services of a suitable ophthalmologist who could devote 
his whole time and energy to the work of the foundation and the trustees agreed 
that a salaried ophthalmologist be appointed. Colonel R. M. Dickson, O.B.E., 
R.A.M.C., who had first class testimonials from the War Office and from the 
late Sir William Lister and Sir John Parsons, and had had wide experience in ophthal- 
mology both in the United Kingdom and in India, was appointed in October, 1937. 

In 1937 the Foundation was fortunate in securing from the trustees of the Lister 
Memorial Trust the lease of a small self-contained house, 20 Lauriston Place, as 
Office and headquarters. This office lies near the Medical School and the Royal 
Infirmary and no outlay on building was necessary. 

In 1939 a supplementary deed of trust was granted by Mr. W. H. Ross, with 
the consent of the trustees, enlarging the scope of the operations of the foundation. 
The title was altered to meet this development and now reads: “ The W. H. Ross 
Foundation (Scotland) for the Study of the Prevention of Blindness”. In view 
of the extension of the activities of the Foundation to Scotland as a whole, it was 
resolved that additional members be appointed to the advisory committee by the 
trustees, and the Department of Health for Scotland appointed a liaison officer. 
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The first scientific investigation under the auspices of the Ross Foundation was 
made by Dr. A. J. Rhodes, senior assistant, Department of Bacteriology, into the 
bacteriology of the coal mine and coal-miners (Cameron, 1939).* 

The coal face was found to be sterile when the coal was broken off it, but coal 
which was being conveyed in small trucks to be taken to the surface very quickly 
became infected with bacteria. 

The conjunctival flora of 658 healthy coal mine-workers from four different pits 
has been examined. In two pits the on-cost-worker evidently harboured a more 
profuse flora than the other workers, Apart from this, below-ground workers did 
not harbour flora essentially different from those of surface workers. The following 
potentially pathogenic organisms may be found in all groups of workers in significant 
quantity: Streptococcus viridans, pneumococcus, Diplobacillus of Morax, haemophilic 
bacilli, and B, coli, 

It is considered that the conjunctival flora of coal-miners is potentially dangerous 
and that the source of infection in hypopyon ulcer is from organisms already present 
in the conjunctival sac. Those most liable to contract the disease are those most 
exposed to corneal trauma—the miners and brushers. 

Hypopyon ulcer is frequently spoken of as the “ pneumococcal ulcer ’’, and certain 
workers have found these organisms in 60—70 per cent. of cases (Duke-Elder, 1938). 
in this series of cases, however, pneumococci occupy a relatively unimportant place 
(11-6 per cent.). My observations show that, rather than being a condition of almost 
specific (i.e. pneumococcal) aetiology, hypopyon ulcer may be associated with a wide 
variety of organisms. Further, with the exception of Streptococcus haemolyticus and 
Staphylococcus aureus, all the organisms isolated in this series are those that 1 have 
previously demonstrated (1939a, b) in normal conjunctival sacs. There would not 
appear to be any valid reason why these two organisms also should not occur in 
healthy sacs. 

It may be said that my investigation tends to lessen the emphasis to be placed on 
the purely infective element in hypopyon ulcer, for it would appear that, although in 
certain cases recognized pathogenic organisms may be responsible, in others organisms 
usually regarded as commensals may be isolated. In the latter cases it is probable 
that the influence of the traumatizing particle itself, or the powers of resistance to 
infection of the corneal tissue, are more essential factors in the causation of the ulcer 
than the presence of bacteria. 

In the pathogenesis of any one case of hypopyon ulcer, therefore, three variable 
factors must be considered: (a) the bacterial flora of the conjunctival sac of the 
traumatized eye; (4) the nature of the traumatizing particle; (c) the resistance of the 


corneal tissue to infection. 
On the outbreak of war in September, 1939, Col. Dickson was recalled to the 
army. The chairman at that time represented the Royal College of Surgeons on 


the Board of Management of the Royal Infirmary of Edinburgh, and he resigned 
this position with much regret in order to be free to undertake the work of the 


foundation, which he directed until Col. Dickson’s release from the army in 1941. 
Albucid 


Late in 1939 the chairman became interested in the treatment of mustard gas 


injuries to the eye and proposed to Prof. Clark of the Department of Pharmacology 
and Materia Medica that a research be instituted on this subject under the auspices 


of the Ross Foundation. No form of treatment was then known that would in- 
fluence the destructive effects of the gas on the conjunctiva and cornea. The chair- 


man appointed Dr. G. I. Scott as oculist in this research. 





*Eritish Journal of Ophthalmology (1949), 33, 368. 
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After 6 months’ intensive study the results of the research proved highly success- 
ful and the report made by Prof. Clark so impressed the War Office that the experi- 
ments were repeated on a large scale at the Gas School at Porton, and Dr. G. I. 
Scott, now Major Scott, R.A.M.C., was seconded for the ophthalmic part of the 
investigation. The results of the research were confirmed, but their publication 
had to be postponed until after the war. 

The effectiveness of albucid soluble (sodium sulphacetamide) in lesions of the 
eye was clearly demonstrated in this research. Its great importance in the first-aid 
treatment of industrial eye injuries is discussed below. 

The following letter from Lieut.-General Sir Alexander Hood, C.B.E., K.C.B., 
Director-General A.M.S., is a testimony to the value of the work: 


Arthur H. H. Sinclair, Esq., M.D., The War Office, 

F.R.C.S.E., F.R.S.Ed., London, S.W.1. 
The Ross Foundation, 23rd May, 1947. 
20 Lauriston Place, Edinburgh. 


Dear Dr. Sinclair, 

Will you kindly convey to the Governors and workers of the Ross Foundation and to their 
collaborators in the University of Edinburgh the genuine appreciation of the very great debt 
that the Services and the whole country owe them for their valuable work in the problems of 
counteracting infections of the eye following mustard gas. 

Providentially we were not called upon to avail ourselves of Albucid on a large scale for 
the treatment of mustard-gas lesions, but it was a tremendous asset to know that we had to 
hand a compound such as this available, if required. 

I am well aware of the value of Albucid and how it is proving itself in the industrial world 
not only in the alleviation of distress but in reducing the man-hours lost through infections 
of the eye. 

To you, as Chairman, our thanks are specially due for the initiation, organization and 
effective pursuit of this work on this important research. 

The practical application of this research to the mitigation of suffering is worthy of the 
highest praise. The Ross Foundation could not have done more to fulfill the aims of its 
Founder, and is to be congratulated sincerely in fulfilling so amply his great object. 

Yours sincerely, 


(signed) Alex. Hood. 


Soon after its discovery sodium sulphacetamide came into use in the Royal 
Infirmary of Edinburgh for the treatment of hypopyon ulcers, which had hitherto 
been treated by cautery, the thermophore, or pure carbolic acid. *Paterson (1931) 
tabulated the results of treatment as follows: 

Average stay in hospital .. oe 29:4 days 
Average time off work... ail 6 months 

In 182 cases treated in the Royal Infirmary, Edinburgh, the degree of visual acuity 

achieved after treatment was: 


Below 6/60 6/60—6/24 6/24—-6/12 Over 6/12 Enucleated 
96 62 53 33 18 


tCameron (1949) writes: 
From 1942 to March, 1947 (when he left the Infirmary), sodium sulphacetamide 
was used in routine treatment of hypopyon ulcer and almost entirely replaced other 
drugs. After penicillin came into general use it was given to supplement sodium 


*Paterson, J. R., Trans. ophthal. Soc. U.K. (1931), 51, 341. 
+Cameron, E. H., British Journal of Ophthalmology (1949), 33, 368. 
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sulphacetamide, but only in the now rarely occurring obstinate cases. Pure powdered 
undissolved sodium sulphacetamide was used, and also a 30 per cent. solution. 

The majority of the cases were miners and, in 1946, 30 cases were admitted of which 
21 were miners. Of these 21, only 3 spent more than 3 weeks in hospital; 8 were in 
the ward for less than 10 days. No miner’s eye has been lost since 1942, as compared 
with 10 per cent. in 1931, Of the 21, 4 had vision of less than 6/60, 6 of 6/36 or 
better, and 9 of 6/18 or better (in two cases there was no record). 


When Col. Dickson returned to the Ross Foundation from the army in 1941, 
sodium sulphacetamide was put into his hands by the chairman and he was in- 
formed of its great success in the treatment of corneal ulcers in the Royal Infirmary. 
It was decided to make a trial of its use in coal mines in the first-aid room. With 
the sanction of the Ministry of Fuel and Power and the collaboration of H.M. 
Divisional Inspector of Mines in Edinburgh, thirty collieries were selected for mak- 
ing a practical trial of the new eye drops, which was begun in December, 1941. 
The preparation known as Eye-Drops No. 1 (0:5 per cent. cocaine and hydrarg, 
perchlor, in castor oil, 1 in 3,000) was replaced by 10 per cent. albucid soluble 
(sodium sulphacetamide) eye-drops. It was explained to ambulance room attend- 
_ ants that early treatment was essential as the danger of ulceration increases with 
the lapse of time. 

Results in these thirty collieries after 12 months’ experience were as follows: 

1,832 eye injuries were treated with albucid soluble eye-drops: 95-86 per cent. of 
the patients returned to work without any loss of time: during the 12 months only 
54 persons injured failed to report at the ambulance room: all had to be paid com- 
pensation and they represent a loss of working time of over 4 years. 


The value of the albucid treatment in preventing infection in collieries was so 
evident that it was important to encourage its use in the wider field of industry in 
general. Thirty factories were selected for trial by H.M. Medical Inspector of 


Factories in Scotland. In these factories different manufacturing processes were 

carried on and a medical officer was available to supervise the treatment and the 

keeping of records. Engineering*was largely represented, chiefly iron and steel 

works. The other industries were chemical works, including factories which make 

explosives and synthetic products, ship yards, rubber works, and tobacco factories. 

All the works were visited after 6 months’ trial; the results are summarized below: 
Total number of employees es ne i ci SZE TIS 


Eye injuries treated fs te et ve 11,953 
Patients returned to work without loss of time. . .. 98°87 per cent. 


Complete records of employees off work on account of eye injury before the 
introduction of the new treatment are not generally available, but it is recognized 
that there has been a decided saving of working time. At one factory in which 
accurate records were kept before and after the use of albucid soluble eye-drops, 
there were ten times the number of employees off work before the new treatment began. 
The conditions in this factory were otherwise precisely the same, the same medical 
Officer and the same nursing staff being in attendance. 

Sodium sulphacetamide is now very generally employed in the ambulance rooms 
of Scottish mines and factories, and is also being employed in the Welsh mines. 

In 1953, on visiting the ambulance room of Falkirk Iron Company, Dr. Sinclair 
was informed by the nurse in charge that sodium sulphacetamide (albucid soluble) 
had been used there since April, 1943, and that since then no case of corneal 
abrasion treated by albucid had developed an infected corneal ulcer. 





BOOK REVIEWS 


Two Lectures on the Biomicroscopy of the Eye. By HANS GOLDMANN. 1954. Pp. 55, 
63 figs. Haag-Streit, Berne. 


Goldmann has published, in a delightful little book, the substance of two lectures, one 
given in Brazil in 1953 and the other in Iowa in 1954. The first is an introduction to 
gonioscopy which, after a short historical survey, summarizes the main clinical findings 
in the various diseases of the eye which can be elucidated by this method of investigation, 
to which Goldmann himself has contributed so prodigally both in the design of apparatus 
and in clinical research. The second deals with the examination of the vitreous and the 
fundus with the slit lamp. The technique used by the author is an improvement of 
Koeppe’s original method, wherein a contact lens is:used in association with a slit lamp 
fitted with a reduction-prism to reduce the angle between the illuminating beam and the 
microscope. For the examination of the peripheral retina the contact lens is provided 
with a system of mirrors comparable to those in Goldmann’s gonioprism. The value 
of the method in elucidating changes in the vitreous, at the macula, or in retinal detachment 
can hardly be overstressed. The lectures are well written in lucid English and the illustra- 
tions are numerous and unusually informative. 


OBITUARY 


ROBERT JOHN PERCIVAL MCCULLOCH 


RoBERT MCCULLOCH died at his home on December 26, 1954, after having been in failing 
health for some months. He was one of the band of ophthalmologists to whom his 
profession was his life and soul, and whose genial and friendly nature made him beloved 
among his colleagues. For this reason he was known not only in Canada but widely 
over the world. He was a member of the Ophthalmological Society of the United 
Kingdom, the Canadian Ophthalmological Society, and the American Academy of 
Ophthalmology and Otolaryngology, and attended all the International Congresses of 
Ophthalmology from 1920 to 1950. 

Born in Lloydtown, Ontario, in 1882, the son of the Rev. Robert McCulloch, he 
graduated with the gold medal of the Faculty of Medicine of the University of Toronto in 
1904. He undertook postgraduate work in London in 1906, and in 1910 returned for 
further study in London and Vienna after having practised in Orillia and Belleville. In 
1915 he enlisted with the R.A.M.C., and served for the remainder of the first world war 
in France and England. He then returned to Canada and entered practice as a specialist 
in ophthalmology. He was head of services in Grace Hospital and continued as such in 
Toronto Western Hospital after the amalgamation of the two institutions, until his 
retirement in 1947. In 1934 he was sent to China to report on the eye service in hospitals 
under the Mission Board of the United Church of Canada, and later made a similar 
tour of mission hospitals in India. He was for many years Staff Consultant in Ophthal- 
mology of the Canadian National Railways. 

Dr. McCulloch was married in 1910 to Miss Ethel Jones, and had two sons, one of whom 
is Dr. Clement McCulloch, who has succeeded his father at the Western Hospital, Toronto. 
After the death of his first wife, Dr. McCulloch married Miss Marie Wilson, who survives 
him. 
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COMMUNICATIONS 


SOME OBSERVATIONS ON THE WATER-DRINKING 
TEST IN GLAUCOMATOUS AND NON- 
GLAUCOMATOUS SUBJECTS* 


BY 


D. A. CAMPBELL, J. GLOSTER, anp E. L. TONKS 
From the Research Department, Birmingham and Midland Eye Hospital 


THE imbibition of water is known to cause a rise in intra-ocular pressure in 
glaucomatous subjects, particularly in those in whom the intra-ocular 
pressure is raised initially (Leydhecker and Niesel, 1954). Although the 
test in its present form is of limited diagnostic value in cases of suspected 
glaucoma, it is of some academic interest in respect of the relationship of 
intra-ocular pressure to accompanying changes in the extracellular fluid 
of the body. This paper is a preliminary study of the nature of diuresis and 
of the alterations in diffusible and non-diffusible constituents of the blood 
in relation to intra-ocular pressure. 

The most noticeable effect of the imbibition of a large volume of water is 
a considerable diuresis, yet there is no gross dilution of the plasma (Haldane 
and Priestley, 1916). In glaucomatous subjects, Marx (1925), de Decker 
(1929), Wegner (1930 a, b), and Schmidt (1931) observed that the rise in 
intra-ocular pressure coincided with an initial dilution of the plasma, and 
that the latter was followed by phasic variations (as shewn by the haemo- 
globin content) which appeared to be due in sequence to (a) loss of water by 
diuresis and (b) migration of fluid from the plasma into and out of the 
tissues. These variations bore no relationship to the actual volume of 
water taken, nor to the diuresis (de Decker, 1929). There is no doubt that 
fluid interchanges in the body, as well as excretion, account for such con- 
flicting evidence as that of Marx (1926a), who found an initial fall of 12 per 
cent. in the plasma proteins with a return to normal level after 14 hours, 
and of Verney (1929), who later observed that there was no change in the 
plasma protein concentration even at the height of diuresis. 

The accumulated physiological evidence shews that in normal subjects 
(Best and Taylor, 1950) after water imbibition, the great bulk of ingested 
fluid leaves the vessels and is followed or accompanied by salt which serves 
to preserve the isotonicity of the tissue fluids: 

The load is subsequently discharged from the tissues in a slow but steady stream and 
transported to the kidneys (p. 457). 

Further, the diuresis which follows is largely due to the inactivation of 
the antidiuretic factor (Verney, 1929) through a fall in the osmotic pressure 


*Received for publication December 1, 1954. 
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of the blood, and particularly through a fall in the concentration of sodium 
chloride. The factor is unaffected by variations in colloidal osmotic pressure. 
The variation in electrolytes is therefore of some significance ; Priestley 
(1916) found in normal subjects that the imbibition of water caused the 
electrical conductivity of the serum to diminish by 2-5 per cent., and Marx 
(1926b) also found a temporary decrease in serum chloride. Leydhecker 
(1950), in 42 glaucomatous patients, observed changes in the electrical 
resistance of the serum in most cases directly related to changes in 
intra-ocular pressure, indicating ‘an initial fall in the plasma electrolytes. 
Sodium as an electrolyte exerts a considerable osmotic effect, and in 
certain subjects, e.g. those who suffer from migraine, an abnormality of 
sodium excretion has been observed in the water imbibition test. The 
diuresis which occurs is of normal amount and course, but the amount of 
sodium excreted is very much greater than in the normal subject (Campbell, 


Hay, and Tonks, 1951). 


Experimental Work 


It will be appreciated that the carrying out of a water imbibition test, with 
coincident records of intra-ocular pressure and the frequent collection of blood 
and urine for analysis, is time-consuming, and requires a team of research workers. 
Thus in the present series of tests we have investigated only eleven glaucomatous 
subjects, eight of whom were of the congestive type, while the other three had 
glaucoma simplex, according to Miller’s classification, but we have been able to 
compare our results with those from 74 non-glaucomatous subjects. 

Having had the experience of one subject who developed acute glaucoma and 
required an emergency operation after a water imbibition test, we.selected known 
glaucomatous cases who had comparatively low initial tensions or who had al- 
ready had an adequate filtration operation before the test. This explains the 
comparatively low rises in tension obtained during the test—but does not in- 
validate our results—since all subjects were subjected to precisely the same con- 
ditions of experiment and our main interest was directed to the changes which 


might occur in the plasma and urine. 


Methods 

(1) Water-Drinking Test.—The ‘patient was admitted on the day before the test. 
Nothing was given by mouth after 10 p.m. on the night before the test until 7.30 a.m., 
when two small portions of toast and butter and 5 oz. of water were taken in order to 
guard against dehydration before the test. The patient remained in bed and smoking was 
not permitted. At 9.30 a.m. urine was collected, a specimen of blood was taken, and the 
tensions were measured. Immediately afterwards, the patient drank a quantity of slightly 
warmed tap-water as rapidly as possible. The volume of water given was either 1,000 
or 1,500 ml., but occasionally patients were unable to take the intended amount. In 
the majority of tests, further measurements of tension and collections of blood were made 
at intervals of half an hour, 2 hours, and 4 hours after drinking the water, but, when 
possible, more frequent readings were taken. Urine was collected every half-hour and 
the volume and specific gravity of each specimen were recorded. The patient remained 
in bed at rest throughout the test which was continued for 4 hours from the time of drink- 
ing water. Blood was taken from the lobe of the ear if serum sodium only was to be 
estimated, but if plasma proteins were also estimated a venepuncture was done. 
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(2) Tensions.—Miotics had been discontinued for at least 24 hours before the beginning 
of the test. All tensions were measured by the same observer, using an earlier model of 
the Schidétz tonometer, having a plunger with a concave surface. 4 per cent. butocaine 
was instilled before tonometry. The illumination in the patient’s room was kept as 
constant as possible during the test. 


(3) Serum Sodium.—In the earlier experiments in this series, serum sodium was estimated 
by Eisenman’s modification of Kramer and Gittleman’s method (Wakeman, Eisenman, 
and Peters, 1927; Kramer and Gittleman, 1924). Later estimations were done using a 
flame photometer. 

(4) Serum Proteins.—These were estimated by a modification of the method of King, 
Haslewood, and Delory (1937). 


Results 

(A) Course of Diuresis 

(1) Incidence of ‘ High’ and of ‘ Delayed’ Diuresis.—Leydhecker (1950) 
classified diuresis as ‘ high’ or as ‘ delayed’ by the following criteria. In 
‘high’ diuresis, more than nine-tenths of the ingested water was excreted 
within the first 2 hours, or more than the total amount ingested was excreted 
within 3 hours. In ‘ delayed’ diuresis, the corresponding figures were less 
than six-tenths within 2 hours or less than eight-tenths within 3 hours. 
He established that, in 67 tests on patients suffering from glaucoma, twelve 
(18 per cent.) shewed a ‘ delayed’ diuresis, and thirty-five (52 per cent.) a 
‘high ’ diuresis, the figures for simple and congestive glaucoma showing no 
substantial difference from one another, but his control tests were few. 


We compared the incidence of ‘high’ and ‘delayed’ diuresis in: 
(a) Eleven glaucoma patients 


(b) Twenty normal healthy subjects 
(c) Forty migraine patients. 

Table I shows that our results for glaucoma are in general agreement 
with those of Leydhecker, and that the incidence of ‘high’ and ‘delayed’ 
diuresis in glaucoma does not differ significantly from that in healthy subjects 
or in migraine patients. 


TABLE I 


INCIDENCE OF “DELAYED” AND “HIGH” DIURESIS IN WATER- 
DRINKING TESTS 





; Incidence of Incidence of 
Clinical Source Number “Delayed ” “High” 

Condition of Data of Tests Diuresis Diuresis 

(per cent.) (per cent.) 


Glaucoma Leydhecker 67 18 52 
(1950) 











Glaucoma 11 18 55 
Present 
Controls } Series of 20 20 50 
Tests 
Migraine 40 25 50 
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(2) Rate of Excretion and Variations in Specific Gravity of Urine.—The 
change in the rate of excretion of urine and the variations in the specific 
gravity were compared in glaucoma patients and in control subjects after 
drinking 1,000 or 1,500 ml. of water (Fig. 1). Each curve is constructed 
from the average for eight individuals ; the volume of water taken varies 
from person to person, the two groups being closely matched in this respect. 
There were no gross differences between the rates of excretion of urine and the 
Specific gravity changes in glaucoma patients as compared with control subjects. 


PR (3) Volume of Diuresis. 
average for ——We found that after the 





























a ip one glaucoma | 
= q ‘eee aera 1,000-ml. test the average 
E diuresis in glaucomatous 
5 — subjects (1,189 ml.), was 
24 slightly less than for normal 
x subjects (1,286 ml.). 
) (B) Changes in Composi- 
w tion of the Blood after 
- x drinking Water 
ee — (1) Changes in Serum 
$n SOI. —AN initial fall in 
sodium was found in 33 
1020 out of forty water-drinking 
tests carried out on various 
1016 ---- subjects, the serum sodium 
BE : being on an average, 3-5 
ee per cent. below its initial 
v Ve ie level, half an hour after 
rnd ers ‘ oS drinking water. Five sub- 
4 jects showed a small rise 
pgs eee of serum sodium 30 min. 
/ after drinking, followed by 
Sotat a fall 14 hours later. In 
sateiee 7 1 3 3 4 two subjects, the serum 
TIME (hrs) sodium after drinking 
Une afer Ging 1000200" at a ee ughout 


the test; one had vomited after drinking, but there was no obvious 
explanation for the behaviour of the serum sodium in the other. 

Table Il (opposite) compares variations in serum sodium after 1,000- 
1,500 ml. water had been ingested by ten glaucoma patients and ten non- 
glaucomatous subjects. 1t will be seen that in glaucoma there is a much 
wider range and a slower return of the serum sodium to its original level. 


(2) Changes in Colloid Osmotic Pressure of the Blood.—The serum proteins 
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TABLE II 
VARIATION IN SERUM SODIUM IN WATER-DRINKING TEST 


























| Serum Sodium (mg/100 ml.) 
Subject | Type of 

Series No. \ Glaucoma | Before 4 hr 2 hrs 4 hrs 
| Water | After After After 

1 Congestive } 348 366 328 333 

2 Congestive mi 343 318 328 348 

3 Simple ... es 340 345 357 345 

(A) 4 Congestive 365 355 | 324 340 
Glaucoma | 5 Congestive 340 315 | 328 343 
*Patients 6 Simple ... 334 328 324 | 330 
| 7 | Congestive | 346 334 348 346 

8 | Congestive ae 342 335 330 328 

9 | Congestive oe | 335 312 ] 312 315 

{0 | Simple ... RAS aes 318 3244 | = =—330 

Mean Ma). 3 |. ae 1 

A oe; agers el eee 

i i Sa ) 320 | 340 

epee |. See) Re ae 330 

(B) Wane: * 330 | 320 | 324 338 
Subjects i. ae C’ Ree’ edge 
without 16 ( 330 320 326 326 
Glaucoma 17 | 328) 326 318) 326 
18 | 322 | 320 318 322 

. 19 | eee Cae eee 
20 335 | 322 328 344 

\ Mean 330 | 324 =| 324 | 332 





were estimated in six glaucoma patients and the colloid osmotic pressure of 
the blood was calculated from the values of serum albumin and globulin 
according to the formula of Govaerts (1925). The average value was higher 
than for six normal patients: Both shewed a slight initial fall in total 
protein, although this did not occur in every individua) case. Serum 
albumin was higher in glaucoma patients (Table III) but not significantly so. 


TABLE Ill 
VARIATION IN SERUM PROTEINS IN WATER-DRINKING TEST 

















Protein* Before After 4hr ) After hr | After2 hrs} Series 
Total 666 | 650: | 6-75 | 6-88 | Glaucoma 
(mg. per cent.) | 6-5f 6:36 | 6:46 (| 6-48 | Normal 
Serum 4:31 | 426 |} 443 | 465 | Glaucoma 
Albumin 3:85 | 3:80 3-96 | 3-88 | Normal 
Serum 265 | 2:30 ) 2:32 | 2:27. } Glaucoma 
Globulin 26 iP ee 2:60 | Normal 
Colloid in 6-5 | 27-8 | 28:2 | Glaucoma 
Osmotic Pressure © 24-9 { 24-5 25-3 24-8 Normal 
(mm, Hg.) 





* Average values for six glaucomatous and six normal subjects. 
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It is appropriate to state here that thecolloid osmotic pressure of the 
serum is unlikely to influence intra-ocular pressure, since the osmotic effect of 
sodium is so much greater. Robertson (1938) observed in patients suffering 
from nephrosis that the intra-ocular pressure remained normal despite a fall 
in serum colloid osmotic pressure from the usual 25 mm. Hg to values as low 
as 7 mm. Hg. 


(C) Relationship of Changes in Ocular Tension to Type of Diuresis and to 
Changes in Composition of the Blood.— Although a ‘ delayed ’ type of diuresis 
might be taken as an indication of retention of water in the tissues, we found 
no unusual rise of ocular tension in association with this type of diuresis. 
An analysis of our results (Table IV) shews that we obtained no evidence of 
any relationship between the rise in tension and the type of diuresis. 


TABLE IV 


RANGE OF ALTERATIONS IN OCULAR TENSION IN DIFFERENT 
TYPES OF DIURESIS 


























Change in Tension (mm. Hg Schiétz) 
4 hr after Water Drinking 
Type of 
Diuresis Non-Glaucomatous | Glaucoma Patients (11) 
Subjects 
| Operated Eyes |  Unoperated Eyes . 
(14) (9) (13) 
High | —4to +5 | 0 to +10 | +3 to +15 
Normal | —3 to +3 | +2 to +5 | +3 to +7 
Delayed | 0 to +3 +2to +4 | 0 to +10 
| 








— = fall in ocular tension. + = rise in ocular tension. 


Moreover, we were unable to demonstrate any obvious correlation be- 
tween the amount by which the serum sodium fell after drinking water and 
the accompanying change in ocular tension (Table V). 


TABLE V 


RANGE OF ALTERATIONS IN OCULAR TENSION IN COMPARISON 
WITH THE FALL IN SERUM SODIUM 




















Change in Tension (mm. Hg Schi6tz) 
4 hr after Water Drinking 
Change in 
Serum Sodium | Non-Glaucomatous | Glaucoma Patients (10) | 
(per cent.) Subjects 
| Operated Eyes Unoperated Eyes 
(14) (9) (11) 
0 — 3 (fall) —3 to +3 | +2 to +9 | +2to +15 ° i 
3 — 6 (fall) —4to +4 | 4 | +10 
6—9 Oto +5 | +3 to +6 











— = fall in ocular tension. + = rise in ocular tension. 
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This lack of proportion between the extent of the fall in the serum sodium 
and the change in ocular tension was well illustrated by one case. This 
patient, who was 54 years old, had been diagnosed as suffering from simple 
glaucoma in 1947, and, in that year, a trephine operation was carried out 
on the left eye. She was kept under observation for a subsequent period of 
6 years and the tension remained normal without the use of miotics. A 
water-drinking test was done in 1953 (Fig. 2a) and provoked a considerable 
rise of tension particularly in the right (unoperated eye) and she was advised 
to instil 1 per cent. pilocarpine drops into both eyes every night. Six months 
after the first test, a second water test was carried out (Fig. 25). 

Whereas, in the first 
| — (9.2 half-hour after drink- 
ing, the extent of the 
fall in serum sodium is 
almost the same in the 
two tests, yet the ten- 
sions increased. much 
more in the first test 


: than in the second, 
al pos over the same period 


~S _ of time. From this, it 
“>> -77---:> ‘is evident that the ten- 
sion change is not 
solely dependent upon 


a change in blood 
sag oe composition. It ap- 
: pears likely that differ- 

1 , ences in local condi- 
tions in the eye (pos- 

es a oe 3 $4 sibly attributable to 

oe hash bat _ the use of pilocarpine 

(a) ©) up to 48 hours before 

Fig. 2 (a, b).—Water-drinking tests on a patient suffering from the second test) were of 
glaucoma simplex. . 

far greater importance 

in determining the response of the intra-ocular pressure to drinking water 

than were alterations in the ionic content of the blood. 

In 25 water tests on glaucoma patients and non-glaucomatous subjects, 
sixteen cases shewed an increase of tension over the period of time during 
which the sodium fell and vice versa (Fig. 3a, b, c, overleaf). Occasionally as 
in Fig. 3 (c), the highest tension was reached before the serum sodium had 
fallen to its lowest level. In three cases only, the reverse was found. 
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Discussion 
Diuresis.—Our records shew that the diuresis induced in glaucomatous 
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Fig. 3 (a, 6, c).—Relationship between ocular tension changes and serum sodium 
changes in water-drinking test. 


subjects is normal in respect of rate, volume, changes in specific gravity, 
and in the incidence of ‘‘delayed”’ or of “‘high”’ diuresis. This would appear 
to indicate that there is no dysfunction of the posterior lobe of the hypophysis. 

Our findings differ from those of Schmidt (1928, 1929, 1931) and of Wegner 
(1930 a, b), who after giving weak tea found a delayed diuresis and urine of 
low specific gravity in the majority of subjects suffering from glaucoma 
simplex; It should be noted that these workers do not state whether their 
subjects were kept at rest—an important precaution in experiments on 
diuresis (Netravisesh, 1953). 


Variations in Blood Constituents.—In exploring the possibility that the rise 
of intra-ocular pressure in this test is partly due to osmotic changes between 
the blood and the eye, we have the evidence that in the majority of cases the 
initial rise in pressure coincides with a fall in serum sodium and a fall in 
blood protein. Wegner (1930) and his school of observers obtained similar 
evidence of an immediate dilution of the plasma, as shewn by a fall in haemo- 
globin. They also found a few exceptional cases—as we did—in which the 
rise in intra-ocular pressure was accompanied by a rise in serum sodium. 

Schmidt (1931), Marx (1925), and Hertel (1914) ascribed the consecutive 
variations in dilution of the plasma (as judged by the haemoglobin content) 
to an alteration in the capillary endothelium affecting the fluid interchange 
between blood and tissues. Such a change should be more evident on the 
sodium figures, since we know (Wynn and Rob, 1954) that sodium is the 
factor which is responsible for 95 per cent. of the osmotic pressure of the 
extracellular fluid of the body. 
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Glaucomatous subjects shew an instability of plasma sodium even when 
resting in bed (Campbell, 1952) and in the present experiments have been 
found to have a higher initial value of blood sodium than normal subjects, 
and wider excursions of blood sodium levels during the test (Fig. 4). 


3704 water Controls 4 WATER Patients 


~ %04 


mg/lOOml! 
a FS vs 
oe, aa 


SERUM SODIUM ( 


8 











3x0 T 5 3 T 
TIME (hrs) TIME (hrs) 
(a) (6) 


Fig. 4 (a, b).—Serum sodium changes in water-drinking test in ten glaucoma patients 
and ten controls. 5 


NF 
> 


The fall in blood sodium which occurred during the first half hour, i.e. 
during the time when the intra-ocular pressure rose to a maximum was not 
however proportional to the amount of that rise. Indeed the difference in 
pressure which occurs between the two eyes of one individual is so well 
known that it is obvious that there must be some regulating mechanism 
within the eye itself which either has an independent influence on intra-ocular 
pressure or resists the effects which arise from osmotic changes in the blood. 

The relationship of the intra-ocular pressure to diuresis is not yet fully 
known. Verney (1929) has shewn that diuresis is mainly due to the in- 
activation of the antidiuretic factor of the pituitary, which is brought about 
by the fall in osmotic pressure of the blood, which follows a drop in crystal- 
loids especially of sodium chloride, but which is unaffected by alteration in 
the blood proteins. 

Our results show that the average initial fall in blood sodium in both the 
glaucomatous subjects (4-1 per cent.) and in normal subjects (2-1 per cent.) 
might reasonably be expected to promote diuresis in both instances soon 
after drinking water. 

It is interesting to find in some recent experiments (Thiel, 1952) that the 
rise of intra-ocular pressure caused by water imbibition can be increased by 
the injection of posterior pituitary lobe extract or by nicotine. The latter has 
an antidiuretic action, demonstrated by Burn and others (1945) in rats. 
Bietti and Cima (1954) found in rabbits that nicotine acting alone will cause 
an immediate rise in intra-ocular pressure of 4-7 mm. Hg and will enhance 
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the effect of water imbibition. Total hypophysectomy in the rabbit not 
only brings about a lasting fall in intra-ocular pressure but causes any sub- 
sequent test with water imbibition or with nicotine to have no effect on 
intra-ocular pressure. 

Weinstein (1950) modified the imbibition test in human subjects by ad- 
ministering 1 litre tea and injecting an extract of posterior lobe of the 
pituitary. He obtained positive results in a number of cases in which the 
imbibition of water alone was without effect. The rise in intra-ocular tension 
was exacerbated by the smoking of cigarettes. It is unfortunate that the 
strength of the tea and the dose of pituitary are not stated. In contrast with 
his results, Leydhecker and Niesel (1954) report that the intramuscular 
injection of 6 Vogtlin units of pituitary hormone 15 to 25 min. before the 
water imbibition test produced no significant difference in the rise of intra- 
ocular pressure. 

Marx (1926 a, b) suggested that there was a central nervous mechanism 
which controlled both diuresis and blood dilution. He based his theory on 
the fact that he was able to induce diuresis and a typical phasic dilution of 
the plasma in a subject under hypnosis by the suggestion of drinking. 

It may be that the posterior lobe of the hypophysis has a direct effect on 
intra-ocular pressure, but it seems more probable that its action is an indirect 
one linked with the control of diuresis and with the resultant alteration in 
distribution and constitution of extracellular body fluid. 


Summary . 

Experiments with the water-drinking test have enabled us to arrive at the 
following conclusions: 

(1) Diuresis in the glaucomatous patient is normal in respect of volume of 
urine, specific gravity, and rate of excretion. The incidence of “high” and 
‘“<delayed”’ types of diuresis is the same as among normal subjects. 

(2) There is an initial fall in the blood sodium which coincides with the 
maximum rise in intra-ocular pressure but shows no proportional relation- 
ship to it. This applies to:both normal and glaucomatous subjects with few 
exceptions. 

(3) The blood sodium shews a higher initial level and wider variations 
during the test in the glaucomatous subject than in the normal subject. 

The significance of these changes is discussed in relation to the effect of 
posterior pituitary hormone in controlling diuresis and causing a rise in 
intra-ocular pressure. 

Our thanks are due to Miss Mary Howe and Miss W. Robbins for preparing the diagrams 
and typescript. 
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INFLUENCE OF LOCAL ASCORBIC ACID 
CONCENTRATION ON COLLAGENOUS TISSUE 
HEALING IN THE CORNEA* 


BY 


T. A: S.. BOYD 
Nuffield Laboratory of Ophthalmology, Oxford 


IT is now accepted that the repair of collagenous tissue depends on an 
adequate intake of ascorbic acid (Hdjer, 1924; Wolbach and Howe, 1926). 
Bourne (1942a) has fully reviewed the experimental work. 

The relation of local ascorbic acid concentration to collagenous tissue 
healing, however, has not been so fully investigated. Some disagreement is 
apparent when the effect of the addition of ascorbic acid to connective tissue 
cultures is compared with that of local application of ascorbic acid to healing 
wounds. Table I summarizes the results recorded in the literature of the 
local application of ascorbic acid. 


TABLE I 


PREVIOUS STUDIES OF THE LOCAL APPLICATION OF ASCORBIC 
ACID TO REGENERATING COLLAGEN 





Type of | | | Effect of Local 


Experiment Author Date | Animal or Tissue application of 
Ascorbic Acid 





Tissue culture | JeneyandTér6 | 1936 | Fibroblasts and fibre | Increased growth 
: ; | production 
Querido and | 1939 | Osteogenic cells and Increased growth 
Gaillard | collagen fibre produc- | 
tion | 





Experimental | Proto | 1936 | Rabbits | No effect 
wounds to Galloway and |} 1948 | Rats No effect 
normal others | 
animals | Galloway and 


1948 | Guinea-pigs | No effect 
others 
Saitta 


1929 — Guinea-pigs Increased healing 





wounds to | Galloway and 
scorbutic others 
animals Persson 


1948 | Guinea-pigs Increased healing 


| 
Experimental Saitta | 1929 | Guinea-pigs Increased healing 
| 


1953 Guinea-pigs | Increased healing 





Jeney and Téré (1936) added ascorbic acid to the culture medium in which 
fibroblasts were being grown and showed that fibres were produced more 
rapidly after this addition. Confirmation of these experiments was reported 
by Querido and Gaillard (1939), who cultured osteogenic cells from the 


*Received for publication December 28, 1954. 
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chick in three types of plasma; from scorbutic guinea-pigs, from scorbutic 
guinea-pigs but with crystalline ascorbicacid added to the culture medium, and 
from scorbutic guinea-pigs treated with large doses of ascorbic acid before 
the experiment. Hardly any collagen fibres were formed by the cells in the 
first plasma, but in the second and third culture media fibres were formed as 
rapidly as in normal plasma. 

In contrast with these in vitro experiments, reports on the effect of the 
application of ascorbic acid to wounds in living animals are less concordant. 
Proto (1936) found that local application of ascorbic acid to wounds of 
normal rabbits did not affect healing. Galloway, Garry, and Hitchin (1948) 
reported that direct application of 3 per cent. sodium ascorbate did not 
accelerate the rate of healing of thigh wounds in normal rats. These workers 
again had negative results when they applied 3 per cent. sodium ascorbate to 
thigh wounds in guinea-pigs which were receiving 5 mg. ascorbic acid daily 
by mouth. 

On the other hand, Saitta(1929) found that he could accelerate the healing of 
wounds in guinea-pigs by local application of ascorbic acid whether they were 
fed on a normal or a scorbutic diet. Galloway and others (1948) also applied 
ascorbic acid locally to wounds in scorbutic guinea-pigs and found that 3 per 
cent. sodium ascorbate accelerated healing. This may have been due to the 
local raising of the ascorbic acid level in the healing tissues, but it seems, in 
view of the large amount of sodium ascorbate used, that the effect may have 
been obtained by absorption of ascorbic acid into the circulation. Persson 
(1953) has obviated this criticism by applying quantities incapable of in- 
fluencing the general ascorbic acid content of the tissues. The wounds he 
inflicted on scorbutic guinea-pigs were treated with 0-05 mg. per day and he 
was able to observe, after 3 to 4.days, a moderate amount of metachro- 
matically staining ground substance and reticular fibres in the intercellular 
spaces which were not present in other wounds in the same animals treated 
with H,O. Unfortunately the duration of his experiment did not allow the 
production of collagen fibres. 

It would seem therefore from these discordant results that it is still not 
clear whether collagen healing depends on the concentration of ascorbic 
acid in its immediate vicinity and this point therefore warrants further 
investigation. It is possible that one might obtain an unequivocal answer 
to the problem if two different ascorbic acid levels could be produced in 
identical tissues in the same animal; this would avoid the differences which 
inevitably exist between animal and animal. One could then investigate 
healing rates in the two tissues to find whether the tissue with the higher 
ascorbic acid content would heal faster. Such a proposition becomes 
practical if one considers the corneae of the two eyés of the same animal. 

The presence of a high ascorbic acid concentration in the aqueous humour, 
originally described by Harris (1933), has been amply confirmed in many 
species including guinea-pigs and man. Pirie (1946) has shown that ox 
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cornea also contains a high concentration of ascorbic acid, greatest in the 
epithelium, and in the stroma about equal to the aqueous concentration. 
She also showed that thé corneal endothelium of freshly excised ox eyes is 
permeable to ascorbic acid, and from her results suggested that the aqueous 
level is responsible for the corneal level. 

Miiller and Buschke (1934) described the lowering of the aqueous ascorbic 
acid concentration which occurs when the lens is removed from the eye. 
Although this fact has been contradicted by some workers, it has been 
largely confirmed (Miiller, Buschke, Gurewitsch and Bruhl, 1934;  Bietti 
and Carteni, 1934; Langham, 1949). 

These findings suggested that it would be feasible to remove the lens of 
one eye of a series of animals and in this way produce different corneal 
ascorbic acid levels in the two eyes. To test this hypothesis the left lenses of 
ten guinea-pigs were removed (Table IJ). The animals were maintained on 
a diet containing cabbage. Thereafter repeated estimations of ascorbic 
acid were made of aqueous humour and a final estimation of the corneae. 


TABLE Il 


AQUEOUS HUMOUR AND CORNEAL ASCORBIC ACID LEVELS 
FROM NORMAL AND APHAKIC EYES 





Aphakic Eyes Normal Eyes | Probability 

: a : | of Chance 
Ascorbic Acid No, of | Ascorbic Acid | No, of Occurrence 
(mg./100 ml.) | Estimations | (mg./100.ml.) Estimations | 


| 


Substance 








P<0-001 





Cornea 


| 
Aqueous | 11-60 (40-87)"/  21—| 22-16 (+1°13)) 2 
] 31-51 (47-29) 9 51-35 (+6-59) 9 e P<0-1 


/ 





* Figures in brackets=standard error of the mean. 


The mean ascorbic acid level in the aqueous humour of the aphakic eyes 
was 11-6 + 0-87 mg./100 ml. (21), whereas the mean of the levels in the 
normal eyes was 22-16 + 1-13 mg./100 ml. (21). The difference, 10-56 mg./ 
100 ml., is significant (P< 0-001). For the corneae the mean ascorbic acid 
level in the aphakic eyes was 31-51 + 7-29 mg./ 100 g. (9) and in the normal 
eyes 51-35 + 6-59 mg./100 g. (9). In this case the difference, 19-84 mg./100 
ml., is not significant, probably on account of the small number and scatter 
of observations (P< 0-1) (Boyd, 1954). However, these results were en- 
couraging, and it was planned to remove the lenses from one eye in a further 
series of guinea-pigs and then to subject the corneae to experimental injuries. 
It is clear that if collagen production depends on a local level of ascorbic 
acid the rate of healing in the cornea of the aphakic eye should be slower 


than that in the normal eye. 
Method 


The left lens of 42 adult guinea-pigs was removed and control operations were performed 
on the right eye. 
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Preparation of Animals 

Diet.—The animals were fed on a mixture of M.R.C, Diet 18 (one-third) and bran (two- 
thirds), moistened with a little water; cabbage and water ad lib were available; 2 ml. 
cod liver oil were added once a week to the diet of each animal. 


Pre-operation—The animals were prepared for operation by shaving the hair from the 
cyelids and by vigorously cleansing the head area with C.T.A.B. 


Anaesthesia——They were anaesthetized with ether; induction was performed by 
covering the anima) with an ether-soaked duster and placing it in a closed glass jar, When 
unconscious it was removed from the jar and anaesthesia maintained by an oxygen- 
ether mixture administered into a small face mask. 


Operation.—The eye was opened and the eyelids retracted by sutures which were used 
at the end of the operation to close the eye. A superior conjunctival flap was turned 
down and dissected free from the limbal sclera. A small ab externo incision close to and 
parallel with the limbus was made at 12 o’clock with a Graefe knife and extended to 10 
and 2 o’clock with scissors. A wide iridectomy of the Graefe type was performed to 
ensure a clear route for delivery of the lens. An attempt was made to break down the 
zonule by massage on the lower limbus with the tip of an iris repositor. When the Jens 
seemed to be subluxated it was expressed by pressure at the limbus directed to the centre 
of the globe. Counter pressure was applied with a Critchett’s spoon to the sclera at 12 
clock just above the wound. In this way by gentle but increasing compression the lens 
was tumbled from below and separated from its normal adhesion to the anterior vitreous 
face. The conjunctival flap was then secured by tying two preplaced sutures and after 
instilling penicillin drops (1,000 units/ml.) the two lid retraction sutures were tied, thus 
closing the lids. 

A control operation was then performed on the right eye.’ The same procedures were 
followed, with the exception of the removal of the lens. 

As far as possible these operations were performed under aseptic conditions, using 
sterile towels to isolate the operation area. 

Post-operation—During the post-operative period penicillin drops were instilled twice 
daily for 10 days. The lid sutures often cut out spontaneously, but if not they were 
removed on the tenth day. , 

These lens extractions were subject to operative and post-operative complications, 
Similar to, but more frequent than, those one meets in human lens extractions. Of 
42 animals, twenty were considered satisfactory for use in the next part of the experiment. 
These animals were chosen because the inflammation had clinically subsided, the corneae 
were clear, soft lens matter—if any—had absorbed and the corneo-scleral wounds were 
firmly healed, The control operations on the right eyes were intended to cause trauma 
comparable to that inflicted on the left eyes. It was clear that in the post-operative 
phase the right eye settled a little sooner than the left eye; no doubt because trauma was 
less severe. Occasional minor corneal vascularization was noted in both right and left 
eyes. 


Corneal Healing Experiment 

Diet.—During the course of the’ corneal healing it was desirable that each animal 
should receive an equal amount of ascorbic acid so that the ocular levels would be com- 
parable. Experiments on a series of control animals showed that a cabbage diet produced 
varying levels of aqueous ascorbic acid. Cabbage was therefore withdrawn and replaced 
with 20 mg. ascorbic acid in solution, given daily to each animal by pipette. A small 
trial showed that this intake in normal guinea-pigs maintained a mean aqueous level of 
22°36 + 0:02 mg./100 ml. (4). After withdrawal of the cabbage many of the animals 
lost weight. Raw peeled apple (50 mg. daily) was therefore added to the diet; this 
contained about 0-5 mg. ascorbic acid, insufficient to add significantly to the daily ration 


given by pipette. 
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Throughout the 4 weeks of the corneal healing experiment all twenty guinea-pigs either 
maintained or gained weight. 

Standardized Corneal Injuries—With modifications the technique employed by 
Campbell, Ferguson, and Garry (1950) was used. 

Heat injuries were inflicted with an electro-cautery made of a loop of 32 S.W.G. 
platinum wire. The cautery was heated for exactly one second by a predetermined 
constant current supplied through a switch operated by a synchronous motor. The 
corneae were anaesthetized by instilling one drop 4 per cent. cocaine into the conjunctival 
sac. Standardized heat injuries were made with a cautery held ina clamp attached to the 
moving stage of a microscope. The animal was held so that the point of the cold cautery 
was touching the cornea 3 mm. from the limbus. While the animal was held steady the 
cautery was advanced by 1 mm. thus exerting a constant pressure. Current was then 
supplied to the cautery for one second, and contact with the cornea was maintained for 
the subsequent second while it was cooling. 

The predetermined current was sufficient to cause maximal injury to the corneal stroma, 
without causing perforation. 


Assessment of Healing —The me aod used by Boyd and Campbell (1950) was followed. 
One drop 2 per cent. aqueous solution of sodium fluorescein was instilled into the con- 
junctival sac; after one minute excess fluorescein was washed off with a stream of warm 
saline delivered from a plastic wash-bottle. The animal was then placed in a darkened 
viewing box 6” below a mercury vapour lamp fitted with a Wood’s glass screen. 
The intensity of fluorescence of the injury was then measured by placing alongside the 
animal’s eye a series of standard strips of filter paper impregnated with varying con- 
centrations of sodium fluorescein. 

The standard consisted of five strips, 1 <x 4 in., of Whatman No. | filter paper impreg- 

nated .with fluorescein so 
TABLE Ill that the intensity of fluores- 


RELATION OF CONCENTRATION OF SODIUM cence increased in approxi- 
FLUORESCEIN TO INTENSITY OF FLUORESCENCE ately linear steps (Camp- 


FROM STANDARD STRIPS OF FILTER PAPER bell and Boyd, 1950). Table 
III gives details of these 


: | : ; standard strips. 
Intensity of Fluorescence Concentration of Fluorescein As healing of the corneal 





2 
Nee." Se nee) injury progresses, the in- 


Nil tensity of fluorescence de- 
0-5 creases and finally ceases 
: when epithelialization has 
4 reached a. certain stage 
8 (Pfliiger, 1882). The time 
of healing was recorded as 
the interval from injury 
until the fourth of four consecutive observations of ‘‘no fluorescence”. 


Assessment of Vascularization.—All the corneae were examined with a corneal micro- 
scope and a Hamblin Universal slit-lamp 9 days after injury and again after the injury had 
healed. Diagrams of the vascularization were made at each examination, indicating the 
sectors as on a clock face invaded by vessels, the density of the invasion being shown as 
one of three degrees. The area involved was expressed in arbitrary units up to a total 
of twelve. 

Preparation of Tissue Extracts—Within a week of healing the ascorbic acid con- 
centration in the cornea, aqueous, and vitreous humours, was assessed. 

The animal was killed by chloroform and ether inhalation. Before death had actually 
occurred the aqueous was extracted by puncturing the cornea with a very fine capillary 
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tube, the tip of which had been broken to form a sharp point; this sharp point pierced 


the cornea with little effort and the pressure exerted was sufficient to express aqueous 
into the tube. 

Thereafter the eye was enucleated, the vitreous expressed from an incision in the 
posterior sclera, and the cornea removed by a scissors incision around the limbus, care 
being taken to disturb the epithelium and endothelium as little as possible. 

Each of the specimens of cornea, aqueous, and vitreous was directly transferred to a 
weighed corked tube containing a weighed amount of 5 per cent. metaphosphoric acid 
(about 0:2 g. for aqueous and vitreous and 0:3 g. for cornea). These tubes were 
immediately recorked and reweighed. Specimens of cornea, aqueous, and vitreous 
weighed about 15, 60, and 150 mg. respectively. 

The specimen of aqueous was centrifuged if the presence of protein precipitate made 
this necessary. The vitreous was broken up with a glass rod and centrifuged. To the 
corneal specimen was added a small quantity of acid-washed sand and it was ground 
with a glass rod to fine fragments against the bottom of the tube, then centrifuged. The 
supernatant fluid of each was used for titration against freshly prepared 2 : 6-dichloro- 
indophenol, made up in solution so that 1 ml. was equivalent to 0-1 mg. ascorbic acid. 


Microtitration of Ascorbic Acid.—The dye was contained in an Agla micro-syringe and 
the volume of the metaphosphoric acid extract taken was adjusted to give a titration of 
between 0-0075 and 0-0150 ml. dye, for between these limits the end-point was found to 
be sharpest. The volume of the extract which gave this titration was usually 0-02 or 
0:03 ml., and this was delivered from another Agla micro-syringe. 

The titration was performed on a small plastic platform coated with paraffin, which 
was held in a retort clamp. Adequate mixing during titration was effected by vibrating 
the platform with an electric buzzer clamped to the retort stand. With the quantities 
available it was possible to obtain six or more titrations with aqueous and vitreous, but 
only three with the corneal specimen. 


Results 


The following results, which are summarized in Table IV, are derived 
from observations made during the healing of the experimental heat injuries 
inflicted on the corneae of twenty guinea-pigs (eighteen non-pregnant females 
and two males). All twenty aphakic eyes were used, but one of the twenty 
eyes subjected to control operation is not included in the results as the 
injury had not healed even after 24 days, on account of a vesicular condition 
which developed in the corneal epithelium. 


TABLE IV 
COMPARISON OF HEALING IN APHAKIC AND CONTROL CORNEAE 





Aphakic Eyes | Control Eyes | Probability 
. of Chance 
No. of No. of | Occurrence 





Assessment of 


Healing Process Mean 





Time (days) 20 . . 19 P<0-001 
Relapses . : 19 : - 53) 19 P<0-001 
Relapse Frequency . . 19 . . 19 P<0-05 
No. of Vascularized | 
Sectors . . 20 . . 19 P<0:1 

















*Figures in brackets = standard error of the mean. 
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Healing Time.—Analysis of the time taken for the corneal injuries to 
epithelialize showed that the average for the twenty aphakic eyes was 17-3 
+ 0-84 days (20), whereas for the nineteen control eyes on which a control 
operation had been performed it was 10-8 + 2-2 days (19). The difference, 
6-5 days, is significant (P< 0-001). 

The mean intensity of fluorescence at each observation was plotted during 
the healing of injuries in the control and aphakic eyes (Figure). Until the 
seventh day of observation there was little difference in the mean fluores- 
cence from the two sets of corneae. However, after the eighth day, repeated 

relapses, which occurred in 
5 ~smuniceves the aphakic eyes, main- 
comms tained a higher mean 
fluorescence until the 19th 
day. By the 21st day all 
injuries in both groups had 
healed, in that all fluores- 
cence had ceased according 
to the standard procedure 
used. 
Relapses during Healing. 
—The course of healing 
was followed by noting the 
ot z 7 “ « +++ reduction in the intensity 
Pcgeaiuc'e ’ of fluorescence, but. this 


Ficure.—Mean intensity of fluorescence of heat injuries to did not progress smoothly. 
corneae in aphakic and control eyes plotted twice daily during Th be f rel 

healing. Ordinate corresponds to strip intensities described € number of relapses 
in the text. during healing was assessed 


by summing the temporary 
increases in fluorescence which occurred in each eye. The mean number of 
relapses for the aphakic eyes was 6-1, whereas for the control eyes it was 2-8. 
The difference, 3-3, is significant (P< 0-001). 


t 


we 
1 


MEAN INTENSITY OF FLUORESCENCE 


4 





Frequency of Relapses.—It is clear that, as the aphakic eye injuries took 
longer to heal, there was greater opportunity for relapses‘to occur. The 
frequency of relapses in the aphakic and control eyes was therefore compared 
over equal periods during the course of healing, the period in each case being 
the time taken by the eye which healed first. Estimating the relapse rate in 
this way it was found that the mean frequency in the aphakic eyes was 3-9, 
whereas in the control eyes it was 2:7. The difference, 1-2, was significant 
(P< 0-05). 


Corneal Vascularization.—Analysis of the observations of corneal vas- 
cularization, both on the ninth day after injury and after healing was complete, 
indicated that the mean blood vessel invasion of the aphakic corneae was 
slightly more than that of the control corneae. However, statistical analysis 
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showed that this difference was not significant, either for the area vascularized 
or for the density of vascularization. 


Biochemical Results.—Table V shows the mean concentration of ascorbic 
acid in the cornea, aqueous, and vitreous after healing had occurred in the 
aphakic and control eyes. In each case the mean level was lower in the 
aphakic eye than in the control eye. For the corneae the difference between 
the means was 13-22 mg./100 ml. and this difference was significant (P< 0-01). 
For the aqueous humour the difference was 2-75 mg./100 ml., a significant 
difference (P<0-02). For the vitreous humour the difference was 4-59 mg./ 
100 ml., not significant. 


TABLE V 
LEVELS OF OCULAR ASCORBIC ACID AFTER HEALING 





Aphakic Eyes Control Eyes | Probability 
Substance of Chance 
Ascorbic Acid | No. of | Ascorbic Acid | No. of | Occurrence 





(mg./100 g.) Eyes (mg./100 g.) | Eyes | 


Cornea 32-09 (+5-62)*| 18 | 47-29 (+14-03), 18 | P<0-01 
Aqueous 9-70 (+062) 17 | 12-45 (40-79) | 17 | P<0-02 
Vitreous | 12-10 (+0-94) 17 | 16°69 (+1-03) 16 P<0-1 








*Figures in brackets = standard error of the mean. 


Discussion 
Relation of Local Ascorbic Acid Level to Collagen Healing.—Bourne 
_ (1942) suggested that, so long as the bulk of tissue to be repaired does not 


make demands in excess of the available supply (whether it be oral intake as 
in guinea-pigs and man, or synthesis as in all other animals), there should be 
no advantage in giving additional ascorbic acid either locally or systemically. 

If this hypothesis be true it would explain the healing of wounds in scor- 
butic animals after local treatment with ascorbic acid (Galloway and others, 
1948; Saitta, 1929; Persson, 1953). It would also explain why normal 
animals which synthesize their own ascorbic acid and guinea-pigs receiving 
an adequate dietary intake should fail to show accelerated healing when the 
vitamin was applied locally (Proto, 1936; Galloway and others, 1948). 
However, this does not readily explain the findings of Saitta (1929) who 
wounded normal guinea-pigs and was able to hasten healing by local ap- 
plication. The hypothesis can only explain these findings if the wounds 
were relatively large in relation to the available ascorbic acid. 

There is no doubt that Bourne’s hypothesis cannot explain why the aphakic 
corneal wounds reported here should take a 40 per cent. longer time to heal 
than the control corneae. The wounds were relatively small (1 mm. in 
diameter and not quite the thickness of the cornea), and they were certainly 
very small in relation to the available ascorbic acid. Not only were the 
guinea-pigs receiving 20 mg./day (about ten times the normal requirement), 
but even the aphakic corneal level of ascorbic acid was several times the 
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level in most connective tissue. It seems reasonable to suggest that the 
rate of healing of collagen depends on the local concentration of ascorbic 
acid, even though it exceed the level required for normal metabolism. 


Relation of Ascorbic Acid Intake to Optimum Collagen Healing.— 
The conclusion arrived at above leads to the question of an optimum 
intake of ascorbic acid which will enable collagen to heal at its maximum 
rate. Animals which synthesize their own ascorbic acid would be expected 
to maintain a blood level adequate for all purposes. Nevertheless Hanke 
(1935) found that, if rabbits were kept on a scorbutic diet, though they 
regenerated bone completely, the rate was much retarded. 

Giangrasso (1938, 1939a, b) found that fractures in rabbits healed twice 
as fast when their diet was augmented with extra ascorbic acid. In contrast, 
Bourne (1942b, c) found that extra vitamin given to rats did not accelerate 
the rate of healing of 1 mm. holes in their bones. Both these results are 
fully in concordance with his theory. He concedes that extra vitamin may 
well hasten the rate of healing of a gross injury such as a fracture in an 
animal which manufactures its own ascorbic acid. Such an injury may 
make demands greater than can be supplied by the animal’s normal mechan- 
ism of production. 

However, Boyd and Campbell (1950) found that the healing of small 
collagen lesions in humans receiving adequate diet could be accelerated by 
giving extra ascorbic acid. They found that administration of 1-5 g. ascorbic 
acid daily to a random selection of patients suffering from small corneal 
ulcers significantly accelerated their rate of healing as compared with a 
group. who received control tablets containing no ascorbic acid. This 
finding strongly suggests, in contradiction to Bourne’s hypothesis, that the 
optimum intake for collagen healing is greatly in excess of the level required 
for normal metabolism. 

The present findings support this suggestion. If a difference in healing 
rates can be demonstrated when the ascorbic acid level is about ten times 
most tissue levels, it is reasonable to conclude that the optimum intake for 
maximum collagen healing is higher than previously suspected. 


Ascorbic Acid and Epithelial Healing.—The course of healing in our 
experimental injuries was followed by the use of fluorescein. This test 
depends on the degree to which epithelium covers the underlying collagen 
stroma. The stroma becomes deeply stained when the overlying epithelium 
is absent. Campbell, Ferguson, and Garry (1950), experimenting with 
guinea-pigs, and Boyd and Campbell (1950), observing humans, used this 
test to show that epithelialization in superficial corneal lesions is unaffected 
by ascorbic acid, but that in deep lesions ascorbic acid causes a significant 
acceleration in healing. This was ascribed to the effect of ascorbic acid on 
the collagen underlying the regenerating epithelium. 

In the present experiment the fluorescein test again showed that the action 
of ascorbic acid on corneal collagen affected the regeneration of epithelium. 
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The relapses which occurred during healing suggest that the corneal epithe- 
lium was attempting to cover the lesion, but that the underlying stroma was 
unable to support it. This lack of support seemed more marked in the 
aphakic corneae; not only did they break down more often during healing, 
but the frequency of break-down per unit time was greater. This is in 
keeping with the hypothesis of Hartwell (1929) who studied skin epithelial- 
ization. He stated that healthy epithelium depends upon a healthy sub- 
stratum of collagenous tissue. This is illustrated by Smith and McConkey 
(1933) who found that scarified duodenal mucosa failed to heal in scorbutic 
guinea-pigs, but healed promptly in normal controls. 


Ascorbic Acid and Corneal Vascularization.—Campbell and Ferguson (1950) 
showed that corneal vascularization occurred more readily in scorbutic 
than in normal guinea-pigs when their corneae were subjected to experi- 
mental heat injuries. The findings reported in this paper tend to confirm 
this work. Expressed in arbitrary units, more vascularization occurred in 
the aphakic than in the control corneae, but the difference between them 
was not statistically significant; there was a probability of chance occurrence 
of between 1 : 10 and 1 : 20. 


Ascorbic Acid Concentration in Aqueous Humour before and after Injury.— 
An unexpected result of ophthalmic interest has arisen from the observations 
reported here. The mean ascorbic acid concentration in the aqueous humour 
of the normal guinea-pigs given 20 mg. ascorbic acid per day was 22-36 + 
_ 0-02 mg./100 ml. (4). However, after injuring the corneae of the aphakic 
eyes and allowing these injuries to heal (healing being judged by the arbitrary 
conditions of the fluorescein test), the mean concentration of ascorbic acid 
in the aqueous humour was 12-45 + 0-79 mg./100 ml..(17), although these 
animals were also being given 20 mg. ascorbic acid daily. The difference 
between these two means is not statistically significant (P< 0-1), probably 
because only four observations were made on normal guinea-pigs. Never- 
theless, the possibility of a difference is interesting. 

It is known that the concentration of the constituents of the aqueous 
humour approximates to that of the blood plasma when the eye is inflamed 
(Duke-Elder and Goldsmith, 1951). It may be that residual inflammation 
resulting from the injury caused this lowering of the ascorbic acid in the 
aqueous humour. If this be so, then the fact that the ascorbic acid was 
lower still in the injured aphakic eyes (9-70 + 0-62 mg./100 ml. (17)) might 
simply mean that the aphakic eyes were more inflamed than the injured eyes 
which still contained their lenses. 

Kinsey (1950) found that uninflamed aphakic eyes of rabbits had normal 
ascorbic acid concentration, but that the concentration was lowered in 
inflamed aphakic eyes. It is impossible to judge whether the many reports of 
lowered ascorbic acid in the aqueous humour in, aphakia can all be ascribed 
to inflammation in the eye. Kinsey’s observation on uninflamed aphakic 
tabbit eyes has now been confirmed by Purcell, Lerner, and Kinsey (1954) on 
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uninflamed aphakic human eyes. They extracted the aqueous humour from 
two human eyes 4 months after intracapsular extraction of the lens and found 
the ascorbic acid concentration normal, about twenty times that of the 


plasma level. 








Summary 

(1) The left lenses of twenty guinea-pigs were removed and control opera- 
tions were performed on the right eyes. 

(2) While the animals were receiving a known high intake of ascorbic 
acid, standardized heat injuries were inflicted on the corneae. 

3) The aphakic corneae took 40 per cent. longer to heal than the controls. 

(4) When healing was complete, by the arbitrary standards of the experi- 
ment, the ascorbic acid content of corneae, aqueous, and vitreous humours 
was assessed. The mean ascorbic levels of aphakic corneae and aqueous 
humour were significantly lower than those of the controls. The aphakic 


vitreous humour level was lower, but not significantly so. 
(5) These findings suggest that local ascorbic acid concentration may be 


responsible for the rate at which collagen heals. 
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for correcting the manuscript. 
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PRESSURE IN THE CANAL OF SCHLEMM* 


BY 
E. S. PERKINS 
Institute of Ophthalmology, University of London 


THE pressure relationships in the anterior chamber, the canal of Schlemm, 
and the episcleral venous plexus are of obvious importance to the under- 
standing of the drainage of aqueous humour. Episcleral venous pressures 
have been estimated by several workers (Thomassen, 1947 ; Linner, 1954 ; 
Bain, 1954), but so far no direct measurements of the pressure in the canal 
of Schlemm have been attempted. The only comparable measurement in 
the literature is that of Duke-Elder (1926) who measured the pressure in the 
veins of the circle of Hovius in the dog and found the pressure to be slightly 
higher than the intra-ocular pressure. It was, therefore, considered worth- 
while to attempt direct measurement of the pressure relationships of the 
canal of Schlemm and the anterior chamber in the eye of the living Rhesus 
monkey, in which the anatomical arrangements are very similar to those 


found in man. 


Experimental Methods 
The monkeys were anaesthetized with ether followed by chloralose 100 mg./kg. 
, body-weight intravenously. The head was held steady by means of a brass rod 


screwed to the skull. The lids were retracted with sutures and the eye rotated 
downwards by a superior rectus suture. 

A small segment of limbus was then carefully dissected by removing slices of 
corneo-scleral tissue until only a thin covering of sclera remained over the roof of 
Schlemm’s canal. In the first eye used the canal could be identified by the presence 
of blood in it, but in two other animals it was necessary to inject Evans blue into 
the anterior chamber to show up the canal. In later experiments, leakage of 
aqueous from small collector channels guided the dissection to the canal. A 
needle was then introduced into the anterior chamber and connected to a mano- 
meter filled with saline and the pressure maintained at 25 cm. saline. 

A small slit was now made into the canal and a narrow glass tube drawn out to 
about 0-3 mm. in diameter at one end inserted into the canal with a micro- 
manipulator. This glass tube was also connected to a saline manometer. It 
was thus possible to vary the intra-ocular pressure by means of the manometer 
connected to the anterior chamber and to measure the pressure in the canal either 
by means of a bubble in the wider part of the cannula or by means of our usual 
membrane manometer and recording camera (Greaves and Perkins, 1952). 


Experiment 1.—The cannula was successfully introduced into the canal of Schlemm 
in the right eye and the intra-ocular pressure varied by raising and lowering the saline 
reservoir. The pressure in the canal was measured by introducing a bubble into the 
wider part of the cannula and moving the saline reservoir attached to the cannula until 
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TABLE I the bubble remained stationary. 

A few readings only were possible 

RESULTS OF EXPERIMENT ! in the right eye before eye move- 
ments enlarged the entrance hole 
Pressure (cm. saline) into the canal to such an extent 
" r that leakage of fluid took place 
| Anterior Chamber Schlemm’s Canal round thecannula. The readings 











24:3 are shown in Table [. 
23-9 In the left eye the experiment 
50 48-2 was repeated more successfully 
; and a range of readings at differ- 
23:2 ? 
33-3 ent pressure levels was obtained. 
{ 439 Repeated readings at each intra- 
| 33° s ocular pressure gave results vary- 
( 54:8 ing only by 1 or 2 cm. saline 
| 44 (Table 1). 





32°4 Examination of these eyes under 
23:7 a dissecting microscope showed 
that the trabeculae were intact in 


both. 


Experiment 8.—The canal of Schiemm TABLE Il 
wes exposed and the glass cannula success- RESULTS OF EXPERIMENT 8 
fully inserted, after connecting the anterior 
chamber to the membrane manometer to Pressure (cm. saline) 
give a continuous recording of the intra- 
ocular pressure (Table II). Anterior Chamber Schlemm’s Canal 


The cannula was also connected to a 20 
recording manometer so that a photo- 30 
graphic tracing of the pressures in the 40 
anterior chamber and canal of Schlemm z 
could be, obtained. The pressure in the 


anterior chamber was now raised in steps 
of 10 cm. at a time. The resultant tracing is shown in the Figure. 
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of Schlemm of a monkey during artificial raising of intra-ocular pressure. 
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Results 


The experiment was attempted in eight eyes altogether but only three of 
these were considered to be completely satisfactory from a technical point of 
view. In two of the discarded results the canal was opened too widely and the 
aqueous leaked out round the cannula; in one the trabeculae were found to be 
ruptured on subsequent examination; in the remaining two eyes, although 
the trabecula appeared intact under a dissecting microscope, the pressure in 
the canal equilibrated with the pressure in the anterior chamber rather 
rapidly, suggesting a slight leak into the canal. 

It must be admitted at once that the conditions of these experiments are 
father artificial and the technical difficulties of exposing the canal and in- 
troducing the cannula are great. For example, the canal may be opened too 
widely to admit of adequate sealing by the cannula with resultant leakage of 
aqueous. The cannula may penetrate the trabecula—a complication which 
is immediately recognizable by the rapid equilibration of the pressure re- 
corded from the cannula with that of the anterior chamber. It is impossible 
to be sure that even in the experiments in which subsequent examination of the 
trabecula showed no apparent injury some stretching of this structure without 
actual rupture did not allow an easier passage from the anterior chamber to 
the cana] than norma). 

The accuracy of the membrane manometers must also be taken into 
account. These manometers will reliably show pressure changes of 2 cm. 
saline, but in order to calculate absolute values from the records they have 
to be calibrated against known pressures. When this is done in steps of 
5 cm. saline up to and down from 65 cm. saline, it is found that the descend- 
ing calibration differs by as much as 3 or 4 cm. saline from the ascending 
Teadings. In experiments in which relative changes only are required 
an average of the two readings is used, but in these experiments 
records taken during the rise of intra-ocular pressure have been calibrated 
on the ascending scale and records of lowering the intra-ocular pressure on 
the descending scale. 

Another criticism is that the pressure measurements in the canal might be 
expected to bear a constant relationship to the pressure in the anterior 
chamber, but such a relationship is not apparent in the results from the left 
eye of Experiment 1. In the three readings from the right eye of Experiment 
], there is approximately the same ratio for the readings at 25 cm. saline and 
at 50 cm. saline. In Experiment 8 (Figure) there is a fairly constant ratio 
between the two pressures. 


Further Experiments.—Grant (personal communication) has measured the rate of 
entry of fluid into enucleated human eyes and has attempted to open the canal of 
Schlemm by shaving away the sclera over the canal. He found no change in the 
tate of flow, and subsequent histological examination of the eyes showed that the 


canal had not been opened. 
This experiment has been repeated, except that the canal was definitely opened, 
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on one human eye and one monkey eye, using a reservoir of saline connected to 


the excised eye via a calibrated capillary tube. From the rate of movement of an 
air bubble in the capillary the rate of flow of fluid through the eye could be 


measured. 
In the human eye the rate of flow at a pressure of 57-5 cm. saline was 4-59 


mm.3/min. saline before opening the canal, and 15-5 mm.3/min. at the same 
pressure after opening the canal. The trabeculae were found to be intact on 
examining the eye microscopically. 

In the monkey eye, the initial flow was 16 mm.%/min. at 25 cm. saline, and 37-7 
mm.3/min. after opening the canal. Again the trabeculae were found to be 
intact after the experiment. 

A similar experiment was then performed on the living monkey. The initial 
flow at 25 cm. saline was found to be 13-5 mm.3/min. and after opening the canal 
at the same pressure the flow was 51-66 mm.*/min. Sections of this eye showed 
the trabeculae to be intact. 

The results of these three experiments are shown in Table III. 

TABLE III 


RESULTS OF THREE EXPERIMENTS BASED ON THOSE OF GRANT (1954) 





} 
| | Rate of Flow (mm.*/min.) 
Eye Pressure 
(cm. saline) | After Opening 
Initially Schlemm’s Canal 








Enucleated human ... | 57°5 4-59 15-5 
Enucleated monkey _.... | 25 16-0 


37-7 


Living monkey 25 13-5 51-66 





Discussion 


The discovery of aqueous veins (Ascher, 1942) opened new fields of in- 
vestigation; in particular the “ glass-rod”’ test has been used to assess 
pressure relationships between the canal of Schlemm and the episcleral 
veins. Goldmann (1949) states that as the glass-rod phenomenon is slightly 
more often negative than positive in normal eyes, the pressure in the canal 
of Schlemm is a little, but not much, higher than that in the episcleral veins. 
A positive glass-rod test, i.e. blood-influx into the aqueous vein, is said to 
mean that the pressure in the canal of Schlemm is a little lower than in the 
episcleral veins. Goldmann (1949) gives a figure of 8 mm. Hg for the average 
pressure in aqueous veins in normal eyes and therefore implies that the 
pressure in the canal of Schlemm is also of that order. The average intra- 
ocular pressure of his normal eyes is stated to be 16 mm. Hg. 

The results of direct measurement of the pressure in Schlemm’s canal by 
the experimental mcthods described give a figure much nearer to the 
intra-ocular pressure. In the last experiment of the series (Figure) the ratio 
of the pressure in the canal to that in the anterior chamber is approximately 


9/10. 
Moreover the experiments on the rate of flow of saline into eyes before 
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and after opening the canal of Schlemm show that the rate increases two to 
three times in enucleated human and monkey eyes and rather more in the 
living monkey eye. In these experiments only a small opening has been made 
into the canal so that it is not justifiable to make mathematical deductions 
from the figures obtained, but the results do indicate that there is a consider- 
able resistance to flow between the canal of Schlemm and the venous system, 
suggesting that in the normal eye the main resistance to outflow may be here 
rather than between the anterior chamber and the canal. 

It must be emphasized of course that these experiments relate only to 
normal eyes (and mainly monkey eyes), and that no conclusions regarding 
the pressure relationships in glaucomatous eyes can be drawn from the 
results. So far as the present experiments are concerned, the resistance in 
glaucomatous eyes may be in the trabeculae or in the efferent channels 
distal to the canal. 


Summary 


(1) The canal of Schlemm of monkeys’ eyes has been cannulated and the 
pressure in it recorded during artificial variation of the intra-ocular pressure. 

(2) The pressure in the canal was found to be approximately 10 per cent. 
lower than that in the anterior chamber. 

(3) The rate of flow of saline into enucleated monkey and human eyes 
and into the living monkey eye has been measured before and after opening 
the canal of Schlemm. A marked increase in the rate of flow followed the 
, opening of the canal. 
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VASCULAR SUPPLY OF THE OPTIC PATHWAY* 


II. FURTHER STUDIES BY MICRO-ARTERIOGRAPHY 
OF THE OPTIC NERVE 


BY 
J. FRANCOIS, A. NEETENS, Aanp J. M. COLLETTEt 


From the Ophthalmological Clinic, University of Ghent (Director, Prof. Frangois), 
and the Institute of Radiology, University of Liége (Director, Prof. Leroux) 


THE literature gives few details of the intimate vascularization of the optic 
pathway. Leber (1903) found in the optic nerve a: vascular network, com- 
posed of round meshes; he described other vessels running obliquely 
along the whole length of the optic nerve, which became smaller with more 
closely woven meshes at the level of the lamina cribrosa. 

Wolff (1948) agreed with Leber that the distribution of the septa 
containing the vessels between the nervous tissue bundles reflected the 
vascular pattern. The branches, which derived from the very rich pial 
vascular network, penetrated dichotomously into the. optic nerve, the septa 
gradually disappeared towards the intracanalicular and cranial sections, and 
in the centre the capillaries were less frequent and the meshwork looser 
(cf. also Behr, 1935). 

Fazio and Farina (1940) deduced from horizontal sections (not from in- 
jection) the existence of an irregular quadrangulated meshwork, orientated 
lengthways, built up by very small capillaries, and of equal density at the 
periphery and centre. Towards the optic foramen the capillaries and meshes 
were wider and still more irregular, and in the intracranial section a great 
number of very small vessels ran parallel. 

Eisler (1930) indicated the possibility of a network with longitudinal 
meshes in the sheath of the optic nerve. 

The subject obviously requires further investigation. 


Technique 

At post mortem, the orbital contents are separated from the bone together with 
the periosteum, and after the superior wall of the optic foramen has been trephined, 
the orbital roof is removed from the inner side of the skull. The bone of the sella 
turcica is incised and the sphenoid bone chiselled; the internal carotid artery is 
taken over as long a distance as possible, and the orbit is removed complete with 
the optic nerve and its whole vascular supply. In the laboratory the specimen is 
irrigated for a few minutes; then the internal carotid artery is dissected until the 
opening of the ophthalmic artery is reached, or, if it is intended to inject the central 
retinal artery, as far as the branching of this vessel. In some specimens a branch is 
seen to arise from the ophthalmic artery before the central retinal artery is observed; 
this is described by Magitot (1908) as running to the dura mater, but in some cases 
(about one in four) we were able to identify it as a central artery of the optic nerve. 

Next a fine cannula is inserted into the artery to be injected, and without previous 
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irrigation with water the injection is made immediately with Heyden thorotrast 


solution: 
Colloidal thorium oxide 3 gr. 
Amyl. semi-invertum 3 gr. 
Aqua ad 12 ml 


The injection is done without previous irrigation for three reasons: 
(1) To make a better contrast; 


(2) Because eventual clotting is avoided by the haemolysis produced by the thorotrast ; 
(3) Because thorotrast solution mixes easily with blood. 


The injection is carried out very slowly and under a constant pressure of 25 to 
30 mm. Hg without clamping the venous outflow. The particle size of thorotrast 
being of the order of 0-1 y, the solution penetrates into even the smallest vessels. 
Injecting slowly prevents the collapse of the small vessels. 

The specimens must be fixed as soon as possible, because diffusion out of the 
vessel-walls may occur even post mortem. Formalin solution 2-3 per cent. is 
not used, as this would prevent the fixation of the thorotrast. A special fixative 
is used which has been found entirely satisfactory: 


Formalin 10 per cent. 3 8 pa: 
Alcohol 96 per cent. saturated with  pieric acid : a 
Acetic acid is ... 1 part 
Chloroform te Niet .. 1 part 


This fixes the thorotrast and does not ils the specimens rigid or more fragile 
than those fixed with formalin 10 per cent. 

The apparatus has already been described (Francois and Neetens, 1954). 

The technique of micro-angiography is new and its application so far very 
restricted (Collette, 1953; Bellman, 1953; Bellman and Engstrém, 1952; Engstrém, 


_ 1949, 1951; Engstrém and Wegstedt, 1951; Barclay, 1951; Bohatyrtschuk, 1944; 


Brasseur, 1945; Tirman and others, 1951). 


(1) Radiology.—The preliminary injection of the vascular system with substances 
of high atomic weight simplifies the application of the method, on account of the 
absorption which occurs at the site of the injected vessels as compared with the 
surrounding medium. Yet it remains necessary to use long-wave rays to obtain 
sufficient contrast. Our micro-radiographic unit (generator and tube) is very 
convenient in use. 


Generator.—This holds in the same container the high voltage transformer and the 
transformer used for heating the filament. The primary coils are fed by variable trans- 
formers; this permits a continuously variable range of 0-50 kV maximum and 0-35 mA. 


Tube.—We use a Machlett A2 tube with iron target and beryllium window. It is 
known that the intensity of the continuous spectrum emitted by an x-ray tube is propor- 
tional to the atomic number of the element used at the anode. The intensity is low in 
this case, since the atomic number of iron is only 26. However, the Fe target emits 
characteristic lines of high intensity and long wave-length (K «1: 1:936 A; Ka 2: 
1-932 A). The intensity of these characteristic lines increases with the voltage, but the 
wave-length remains constant. Therefore, in the low-voltage range, the intensity of the 
continuous spectrum will be negligible compared with the characteristic radiation. The 
latter, however, is soft and rapidly absorbed by air. This makes it necessary to use a 
short focal length in order to take full advantage of the intense monochromatic radiation. 


Accessories.—Our tube is equipped with a 1-5-mm. focus, but the beryllium window 
has a small diameter and reduces the effective beam angle to 10°. 
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The film-holder has been designed to permit the coverage‘of a circular field 25 mm. in 
diameter (Fig. 1). The least distance from source to object is 13-5 cm. 






Fic. 1.—Details of tube; 
— film-holder on extreme 
eft. 


Long exposures are necessary and require all parts of the system to be firmly joined 
together. The film-holder (Fig. 2, III, IV, V) is joined to the tube by a number of inter- 
mediary components. First an adapter (Fig. 2, VI) is screwed onto the tube window and 
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holds an intermediary cone (Fig. 2, VID). The film-holder itself may be screwed directly 
to this cone, but it is also possible to use extension rings (each 1 cm. wide) between the 
film-holder and the cone to give a greater focal length. 

A disk holding the histological sample and the film is inserted into a circular 
hole bored in the cover of the film-holder. There must be a close contact between 
the film emulsion and the sample. The latter is never completely dry and a non- 
hygroscopic support separates it from the film. We usually put the sample 
between two sheets of “* Styrafoil ” 1/100 in. thick, the upper sheet providing the 
close contact required when the film-holder is closed. 

The sample is removed from the fixing solution immediately before being x- 
rayed. The excess fluid is eliminated, but the preparation must remain moist as 
desiccation may cause change in volume with consequent motion during exposure. 


(2) Photography.—The main photographic problem is to find a film with a fine 
enough grain. Two emulsions have been found suitable: “ Maximum Resolu- 
tion” film (Kodak) resolution 1,000 lines, and 
‘“* Lippman ” film (Gevaert) resolution 500 lines. 
The latter was used in this study. The grain of an 
) emulsion is roughly proportional to its speed, and 
this fine-grain film requires long exposures. The 
following conditions were observed throughout: 


(1) thickness of preparation never above 400 yu; 

(2) dimensions of preparation small; 

(3) preparation richly vascularized; 

(4) outside opacified vascular bed, x-ray absorption 

kept to a minimum. 

When the ideal values of the variable elements 
are contradictory, a compromise must be adopted 
observing the following conditions: 

(1) the monochromatic radiation should have a 
large wave-length; 

(2) its intensity should’ be as great as possible 
compared with the continuous spectrum, to take 
advantage of the characteristic radiation and to keep 
the exposures as short as possible; 

(3) the focal distance should be as short as is 
compatible with sufficient field coverage and accept- 
able geometrical diffusion. 

The first two conditions are respected when 
V=2Vo, V=actual voltage, and Vo=lowest 
voltage for characteristic line. In this case, V= 
12-8 KV. In these conditions, with a current of 
18 mA and a focal distance of 13-5 cm, the length 
b of exposure varies from 2 to 5 minutes. 

Calculation of the geometrical projection makes 
piu lp it possible to evaluate the relative importance in the 

picture of shadow (U) and dimness (P) as in Fig. 3: 


Fic. 3.—Diagram __ illustrating * 
calculation of U (shadow) and P U= a.d-b.f and P= ee E 


~~ 








dimness). a—b a-—b 
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These formulae show that the picture-size is slightly smaller than the object 
itself while the dimness is practically negligible. 
Results 
The horizontal and parasagittal sections are exactly identical and present 
a picture of rectangles, squares, or more rarely irregular circles; their size 
depends on the relative length of the coliateral branches of the vessels 
running in an antero-posterior direction. 











Le 


Fic. 4. aa of vascular nates in optic nerve: 
(a) Building up of pentagons from L 

(b) Splitting of L.C.U. and structure of circular unit. 
(c) Structure of circular unit in transverse section. 

(d) Nutrition of central retinal artery and vein 


Two definite types of unit (Fig. 4) were found to compose the vascular 
pattern of the optic nerve: 

(1) Transverse.—These have a pentagonal form, and encircle the nerve-bundles 
as complete or incomplete rings over its whole length at regular distances (Fig. 5, 


opposite). 

This circular unit should be compared with the arterial circle of Zinn, with the 
distinction that the latter serves the whole nerve, the former only part of a single 
bundle. 

(2) Longitudinal.—These run in an antero-posterior direction, and all branches 
responsible for further vascular patterns disposed between different bundles in the 
interfascicular spaces derive from them. They may be called longitudinal 
capillary units (L.C.U.) (Fig. 6, opposite). 
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(b) (c) 


Fic. 5.—Or. x12. Anterior. Longitudinal section. 
(a) Right, central artery and vein superimposed. 
(6) Quadrangulated form. 

(c) Curved vessels. 


Fic. 6.—Or. x 22. Posterior part. 
Transverse section (slightly obli- 


que). Meshes a little wider 
centrally. ; 


These structures may not all be situated in the same perpendicular plane. 

The arteries which enter the optic nerve arise from the pial network where 
they anastomose frequently to build up a plexus. Hence they give off 
capillaries, and these, branching dichotomously at first, irrigate the optic 
nerve-fibres, forming L.C.Us. Other arteries penetrate into the optic 
nerve at the arteriole stage, and, running to the centre, give rise to collateral 
vessels (L.C.Us) which anastomose with capillaries from the pial network. 

The most important of these arteries, the central artery of the optic nerve, 
does not branch off haphazardly, but participates in building up regular 
vascular units. 

These arteries do not subdivide progressively, but undergo a rapid trans- 
ition to the capillary stage. This, like the choroidal circulation, recalls the 
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embryological development of the optic vessels, the abrupt transition to the 
arterioles indicating that the capillary network developed before the different 
arteries existed, the hyaloid artery having no nutritive connection with the 
optic pathway. 

The collateral vessels from the L.C.U. may vary in length; they may 
anastomose with other collaterals from other L.C.Us and then form a 
pentagon (Fig. 6). 

After running longitudinally close to the L. C.U., the collateral vessel 
derived from another L.C.U. may bend at right inal and return to the 
same L.C.U., or it may pass beyond one pentagon and help in constructing 
other pentagons further on (Figs 7 and 8). 


(a) 





; (6) (c) 
Fic, 7,—Or, x32. Middle. Longitudinal section. Regular network. 


(a) Large transverse veins. 
(b) Quadrangulated appearance of meshes. 
(c) Different L.C.U, in single space. 





(bd) 
Fic. 8.—Or.x32. Posterior. Longitudinal section. 
(a) Posterior branch of central artery of optic nerve. 
(6) Capillary system stream-lined. 


























_ building up of penta- 
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The L.C.U. may also give off smaller branches running longitudinally; 
it may subdivide transversely or longitudinally with no change in calibre, and 
no anastomosis apparently interrupting the continuity of the vascularization. 

Capillaries may also arise from the L.C.U. and curve transversely over one 
or more bundles like the fingers of a hand; these may combine and other 
vessels may arise from their union. An L.C.U. may not correspond with 
the angles of the pentagon, and some structures may arise from the sides. 

On the outer side we see oval loops and figures of eight. Both on the 
outer and inner sides vessels may run parallel to the side of a pentagon and 
rejoin it after some distance (Fig. 9). The outer collaterals form com- 
municating links between the pentagons, or form one or more sides of new 
pentagons. Vessels may even be seen to start from an angle and run to the 
opposite side, dividing the pentagon into two unequal parts. On the inner 
side, the pentagons may give rise to tiny vessels forming in the centre (Fig. 10). 


Fic. 9.—Or. x 95. Mid- 
die. Transverse section. 


Note fine detail of 


gons, forming oval. 
adnexa (arrow) to sup- 
ply efferent nerve fibres 
for another bundle. 
‘General structure more 
irregular than in poster- 


ior part. 





Fic. 10.—Or. x95. An- 


terior. ‘Transverse sec- 
tion (oblique). 
(a) Curved vessels given 
off by L.C.U. 
(b) Corkscrew capillar- 


ies starting from inner 
_,side of pentagon. 
The pentagons become 
more circular and the 
original pattern is pro- 
gressively lost towards 
the papilla. 
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Fic. I1.— Or. x 95. 
Middle. Longitudinal 
section. L.C.Us, circu- 
lar vascular units, and 
their collaterals are allt 
tangled together. 


Fic. 12. — Or. x 95. 
Posterior. Transverse 
section. Meshes larger. 


This vascular pattern corresponds with the nervous tissue structure and 
the myelo-architecture, confirming the ideas of Leber (1903), Wolff (1948), 
and Fazio and Farina (1940). The oval capillary meshes appear to surround 
nerve fibres which leave one bundle and join another, the bundles not being 
neural units (Behr, 1935). 

In the interfascicular spaces, capillaries of different sizes may be found; 
the large ones are venous return-capillaries, the middle-sized are mostly 
arteries, and the small ones form a subsidiary nutritional system for the 
nerve bundles. 


At the periphery of the optic nerve the outermost bundles are surrounded 
by a special vascular ring formed by the pia mater capillary-plexus, by the 
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Fic. 13. — Or. x 65. 
Transition of vessels 
from optic nerve sheath 
to optic nerve. Char- 
acteristic encircling of 
outer bundles after 
dichotomous branching 


(arrow). 


penetrating capillaries, and by the branches of the first dichotomously dividing 
vessels (Fig. 13). At the centre of the optic nerve, the network seems to be a 
little denser. The description of these structures is most typical of the 
middle third of the intra-orbital portion of the optic nerve (Figs 7-11). 

Approaching the lamina cribrosa the capillaries become tortuous, cork- 
screwed, and curly, and they wind spirally into the optic nerve itself. 


(Fig. 14). 


(6) 
Fic. 14.—Or.x48. Papilla, lamina cribrosa, and central retinal vessels. 
(a) Heavily curled appearance, centre constituting physiological excavation 
(6) Transition of vessels from circle of Zinn to lamina cribrosa. 


At the lamina cribrosa this subdivision is no longer seen. Many other 
capillary branches (probably deriving from anterior ramifications of the 
central artery of the optic nerve, and from vessels of the ciliary system) 
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create a very dense, tortuous network. The nerve bundles are reduced to 
single fibres, and numerous tiny capillaries by irregular anastomoses form 
minute meshes, passing between and surrounding the nerve fibres. 

In contrast with the middle third, the network is not so rich, and towards 
the papilla at the region of the physiological excavation the capillaries 
disappear. In the periphery the capillaries are larger, and form a lace-like 
pattern winding round in multiple anastomoses. Between the curves of 
these arabesques pass even finer capillaries leading straight to the retinal 
circulation. 

In the posterior part of the optic nerve, the meshes are equally wide in the 
periphery and centre and the collateral vessels of the L.C.Us are fewer. 
Larger arterioles come from the sheaths and penetrate into the optic nerve. 
The meshes are wider than in the middle third, and less tortuous (Fig. 12). 
The vascularization becomes gradually less dense from the papilla to the 
optic foramen, as more single fibres aggregate into bigger bundles. 

In the interfascicular spaces, the vessels are surrounded by glial cells: 
there is little opportunity for such contraction as occurs in the bone capil- 
laries. When enucleation is performed, the optic nerve should be sutured and 
afterwards sectioned between the globe and the ligature. 

The nutrition of the central retinal artery and vein is maintained by the 
transverse and longitudinal sections of the pentagons situated in their 
immediate neighbourhood. This sometimes leads to these being mistaken 
for collaterals of the central retinal artery, which do not in fact exist; none 
of our injections into the central retinal artery alone showed any branch in 
its intraneural part. If the central retinal artery does give off a few for- 
tuitous branches at the level of the lamina cribrosa, they are destined to 
reach the retina and papilla and not the optic nerve. The retina, in the 
immediate neighbourhood of the papilla, contains capillaries from the 
L.C.Us of the optic nerve and from twigs of the central retinal artery, 
the remains of supernumerary embryonic buds, which all anastomose with 
the retinal capillaries; thus anastomoses between the retinal system and 
the optic nerve system may occur in the retina but not in the optic nerve, 
and not by transverse branches deriving from the circle of Zinn. 

The situation of the central retinal artery and of the lamina cribrosa is to 
be discussed in a forthcoming paper. 


The return of the venous blood is very important in the optic nerve and 
its sheaths. The venous capillaries start from the circular transverse units 
and rapidly develop into larger vessels, entering the central retinal vein or a 
larger venous channel further back. 

All the collecting veins run transversely, whereas the arterial supply runs 
mainly in a longitudinal direction. The parting and rejoining characteristic 
of the veins in the choroidal circulation, also of ciliary origin, are seen in the 
vascular system of the optic nerve. The venous return by way of the pial 
network is less important. 
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Fic. 15.—Or. x13. Types 
of vessel found in sheath. 
(a) Fine cobweb. 

(6) Irregular network. 





(6) (a) 


In the optic nerve sheaths (Fig. 15), only the dural and arachnoidal sections 
will be discussed, because the pial plexus intimately attached to the optic 
nerve is described with the latter. 

The vessels bifurcate here in different ways. The arterioles anastomose 


frequently, winding spirally, and building up wide meshes round the optic 


nerve, perpendicular to the meshes of the nerve bundles. The larger vessels 
do not anastomose before entering the optic nerve, but numerous smaller 
vessels deriving from them form regular cobweb-meshes after anastomosis. 
The arteries produce the most bizarre patterns, winding forwards and 
doubling back, forming twists, double spirals, and corkscrew meanders, 
their width diminishing as they approach the pial vessel plexus. 

Before entering the optic nerve, the vessels curve away from it to form 
anastomosing capillaries. The larger diameter of the irregular oval meshes 
lies in the longitudinal direction. 

These highly complicated bifurcations, splittings, twistings, and dilatations 
form an intricate maze which may become very important during in- 
flammatory or mechanical obstructions of the circulation. 

Arteriovenous anastomoses or shunts have nowhere been encountered. 


Summary 

After the injection of Heyden thorotrast into the vessels of the optic nerve, 
micro-angiograms were made of transverse and horizontal slides (thickness 
250-400 pu). 

The existence of two basic vascular patterns has been established : 

(a) Transverse, having the form of a pentagon, encircling single nerve 
bundles at regular distances. 

(6) Longitudinal, running in the interfascicular spaces in between the 
bundles from front to back. 
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The latter pattern builds up the circular pentagons. Collateral vessels 
branching off from these two vascular units create an apparently inextricable 
capillary meshwork. All the vessels contributing to the vascularization of 
the optic nerve anastomose in a very intimate manner. 

The venous blood returns chiefly through the central retinal vein. 

_ In the optic nerve-sheath, where special forms of vessels may be observed, 
the capillary network is composed of fine cobweb-like formations and large 
irregular meshes. 
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OPHTHALMOLOGICAL COMPLICATIONS OF 
MULTIPLE MYELOMATOSIS* 


BY 


EDWIN CLARKE 
Department of Neurology, Postgraduate Medical School of London 


OWING to improved methods of diagnosis, the incidence of multiple 
myelomatosis has increased markedly in the last 10 years. Its manifesta- 
tions are widespread, but those involving the visual apparatus have received 
little attention. It is therefore proposed to review the ophthalmological 
complications of this disease. 


Method of Study 


In an account of the neurological aspects of myelomatosis (Clarke, 1954b) it 
was found convenient to divide the ophthalmological manifestations into: 


(1) Vascular changes in the retina, 
(2) Myeloma of the inner eye, 

(3) Papilloedema, 

(4) Ocular nerve palsies, 

(5) Orbital myelomata, 


(6) Involvement of the optic pathways. 


(1) Vascular Changes in the Retina.—The incidence of these events is unknown 
but changes severe enough to produce marked visual impairment are rare. A 
haemorrhagic tendency occurs in 33 per cent. of cases of myelomatosis (Sapper, 
Turner, and Moscovitz, 1953), and in most of those with retinal involvement, 
bleeding elsewhere in the body is present. Although investigation of this bleed- 
ing tendency has not been extensive, a frequent abnormality is an increase of 
serum proteins with a specific rise in the gamma globulin fraction. Waldenstrém 
(1952) has indicated the role of hyperproteinaemia in myelomatosis and has 
shown that it encourages auto-agglutination of the blood. The development of 
vascular complications anywhere in the body may thus be compared with the 
sequence of events observed in the retina. First, the venous blood flow becomes 
sluggish, and this can be induced or aggravated by pressure on the eyeball (Foord, 
1935). There is then occlusion of small veins and venules with retinal haemor- 
thages and ultimately thrombosis of the central retinal vein. 
Examples of each of these processes have been described in the literature. 


Retinal Haemorrhages.—These were found by Snapper and others (1953) in 9 per cent. 
of cases. They may be punctate (Ellinger, 1899; Schindler, 1943; Foreman and Mettier, 
1947) or flame-shaped (Ellinger, 1899; Rosenthal and Vogel, 1938; Foreman and Mettier, 
1947; Loge and Rundles, 1949), the former usually being wide-spread. Bonnet (1947) 
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has produced the only detailed account and a coloured plate of this ocular complication; 
the haemorrhages were larger and more numerous at the periphery although also in- 
volving the maculae. The eyes were unequally involved. Subhyaloid haemorrhages 
have been recorded only once (Cosin, 1935); the retinal appearances in the patients of 
Bing (1936) and Boston (1903) were probably due to associated hypertension of renal 
origin. 

Thrombosis of the Central Retinal Vein —This was observed by Wintrobe and Buell 
(1933) and Foreman and Mettier (1947), and a full case reported is given by Walsh 
(1947). A haemorrhagic glaucoma, found occasionally after retinal vein occlusion, 
occurred in one patient (Jochmann and Schumm, 1901). 

Central Retinal Artery Thrombosis.—Although this is often cited as a complication of 
myelomatosis, there is no evidence in the literature that it has taken place. The case 
usually quoted in support (Venturi, 1901) did not have this lesion. 

The clinical features do not differ from those associated with other types of 
retinal haemorrhages. Evidence of the generalized disease is usually present and 
frequently in an advanced stage so that the prognosis is very poor. 


(2) Myeloma of the Inner Eye.—The only example (Stock, 1918) concerns a 
painful, blind eye examined pathologically. The tumour lay in the vitreous and 
was thought to have originated from the choroid. No clinical details are available, 
so the diagnosis of myelomatosis cannot be made with certainty. 


(3) Papilloedema.—Increased intracranial pressure due to intracranial extension 
is occasionally encountered with myelomata of the skull or convexity dura mater 
(Clarke, 1954a) and at least eight cases have been recorded. Papilloedema is 
one of the features of this group and the bony lesions are usually large. Two 
cases (French, 1947; Clarke, 1954a) had papilloedema and other signs of an 
intracranial space-occupying mass but the myelomata did ‘not involve bone. 
Differentiation from any other type of cerebral tumour could not be made therefore 
without histological examination. 

An orbital myeloma may produce unilateral disc engorgement (Lapointe, 
1929; Christophe and Divry, 1940), but other signs of an intra-orbital lesion are 
present. 


(4) Ocular Nerve Palsies.—The commonest sequel of invasion of the base of the 
skull by a plasma cell myeloma is the paralysis of an ocular nerve (Clarke, 1954a) 
which is brought about by direct pressure of the tumour; invasion of the nerve 
never occurs. Of 25 such cases seventeen presented this complication and other 
cases not included in this series may be mentioned (Venturi, 1901 ; Laesecke, 
1927; Hellner, 1938; Snapper and others, 1953). The following is another 
example: 


Case Report 

A housewife, aged 76, was admitted to hospital complaining of backache for 2 years, 
considerable weight loss, increasing pallor, and double vision. Two weeks before 
admission, she awoke to find that she had diplopia accompanied by intermittent headache; 
analysis of the former symptom was not possible. 

Examination.—Her general condition was poor and there was a complete right external 
rectus palsy. Ocular examination revealed no other abnormalities and the other systems 
were normal. Blood pressure 180/90. 
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Investigations 
X-rays of the skull and long bones showed multiple areas of rarefaction. 
Blood, 64 per cent. haemoglobin and 3-1 million per cmm. red cells; urea was 300 mgm. 
per cent. 
Urine, no Bence-Jones proteinuria. 
Bone marrow biopsy, suggestive of myelomatosis. 

Progress.—The patient’s condition deteriorated steadily, although paradoxically, the 
cranial nerve palsy improved. This also occurred in the cases of Hammer (1894) and 
Sparling and others (1947). The patient died 6 weeks after admission but an autopsy 
was not permitted. 


There are 23 cases with cranial nerve palsies and the frequency of each is shown 
in the Table. 
TABLE 


FREQUENCY OF OCULAR NERVE PALSIES IN 23 CASES 
(INCLUDING ONE EXAMPLE EACH OF BILATERAL THIRD 
AND SIXTH NERVE PALSIES) 








Cranial Nerve | 3 4 | 6 
20 
| 


Number of Times each Nerve Palsy occurred | 8 | 7 
| 





The commonest nerve to be involved is the sixth, and on one occasion (Langdon, 
1939) both nerves were affected. The third and fourth nerve palsies are less 
frequent; once the former was bilateral (Delmas-Marsalet and others, 1951), and 
an isolated fourth nerve palsy occurred only once (Laesacke, 1927). In six cases, 
the ocular nerve palsy occurred alone, but in all the others a varying number of 
cranial nerve palsies accompanied it. Four patients (Massachusetts, 1934; 
Christophe and Divry, 1940; Calvet and others, 1950; Snapper and others, 1953) 
had complete ophthalmoplegia on one side. 

Generalized myelomatosis is usually to be found in these cases if looked for 
adequately. On occasions, this ocular complication may be the presenting feature 
of the disease and other evidence appears only later. Treatment as a whole is 
inadequate, but as far as the ocular palsies are concerned spontaneous remission 
may occur as in the present case. 


(5) Myeloma of the Orbit.—It is possible to have a primary myeloma of the orbit 
where the patient has the features of an orbital neoplasm and the lesion is found to 
have arisen from the walls or contents of the orbit. A secondary type also exists 
where the patient notices a para-orbital mass due to a bone or mucosal lesion 
which later invades the orbit. Either lesion may be the presenting feature of what 
later turns out to be multiple myelomatosis. Both types have been described 
elsewhere (Clarke, 1953). It is of some importance to differentiate them from the 
plasma cell granuloma occurring in the same region. 


(6) Involvement of the Optic Pathways.—The optic nerve may be directly involved 
by a basal myeloma; this occurred in eight of 25 cases (Clarke, 1954a). In three, 
there was complete unilateral blindness (Langdon, 1939; Christophe and Divry, 
1940; Walsh, 1947) and in the others varying degrees of amblyopia were discovered. 
Chiasmal compression occurs (Clarke, 1954a) and various visual field changes 
have been encountered. The only example of an homonymous hemianopia is 
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that of James and Turner (1952), in which case it was due to a large myeloma of the 
occipital bone, but this complication could probably be detected more commonly 
if careful visual field charting were carried gut in patients with skull myelomata. 

Therapy in these cases is determined by the state of the generalized disease and 
by the degree of skull involvement. If neither is extensive, local surgical measures 
should be undertaken to preserve vision. 


Conclusions 


(1) Ophthalmological complications of myelomatosis are numerous. 
(2) They include direct involvement of the ocular nerves, orbit, and 
central pathways by plasma cell myelomata. Any one of these events may 


be the first indication of the disease. 
(3) Vascular changes in the retina are probably due to serum protein 


disturbances. 
(4) Papilloedema may occur through increased intracranial pressure. 


Summary 
Ophthalmological aspects of multiple myelomatosis are considered and it is 


found that the retina, choroid, optic disc, ocular nerves, orbit, optic nerve, or 
central visual connections may be affected. Examples of each are cited and 


a case of diplopia due to sixth nerve palsy is described. 
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DACRYOCYSTORHINOSTOMY* 
CLINICAL REPORT OF FIFTY CASES 


BY 


G. J. ROMANES 


From the Corneo-Plastic Unit and Eye Bank, Queen Victoria Hospital, 
East Grinstead, Sussex 


THE operation of dacryocystorhinostomy is an established procedure for 
the relief of epiphora. The watering may be due to blockage of the lacrimal 
drainage apparatus at any point from the sac to the nose, that is to say in 
the ampulla, the duct, or at the opening into the inferior meatus. The 
clinical indications for the operation are found in cases of persistent watering 
after ; 

(1) Failed probing. 

(2) Chronic infection of the sac. 

(3) Cicatricial stenosis in the lower part of the duct due to callus formation 
or scar shrinkage after fracture of the facial skeleton or extensive soft tissue 
lacerations. 

(4) Occlusion of the opening of the duct into the inferior meatus of the nose in 
atrophic rhinitis and other affections of the nasal mucosa, and also in cases of 
chronic infection of the maxillary sinus or malignant disease of the antrum. 


The aim of the operation practised in this Unit is to provide a physio- 
logical cure, since anatomical continuity as demonstrated by syringing is 
not a sufficient criterion of success. The principles of our operation con- 
form to those of Dupuy-Dutemps (Arruga, 1952) and consist of anastomosis 
of the mucous membrane linings of the middle meatus of the nose and the 
lacrimal sac after excision of the intervening bony wall of the nose. 


Investigations.—The routine procedure of investigation at this Unit includes a 
dacryocystogram and an ear, nose, and throat surgeon’s opinion. The following 
Special points are noted: 

(1) The position and patency of the puncta. ; 

(2) Syringing with a small lacrimal cannula is attempted, and in cases of doubt as to 


the patency of either canaliculus both upper and lower canaliculi are used in sequence. 
(3) Should regurgitation occur along the upper canaliculus while syringing the lower, 


a pressure clip is appied to the upper one to help forcible filling of the sac. This procedure 


may show the presence of a stricture in the duct by preventing regurgitation. It is a 


useful method of showing up a low-lying block when doing a dacryocystogram to 
visualize the lower levels of the lacrimal duct. Without it the lipiodol may fail to pass 


the “ air-lock ”, giving the false finding of a block in the sac. 


All cases have a dacryocystogram taken after operation to confirm the presence 


of an anatomical opening. Should there be any loculi in the sac, these can be 
demonstrated and dealt with. The level of the bony stoma can be demonstrated 


and its position determined in relation to the nasal anatomy. 
*Received for publication December 12, 1954. 
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Special Points of Surgical Technique.—Several useful modifications have been 
added to the original technique of the operation at this clinic (Rycroft, 
1951). The main features are the use of the Rycroft rhinostomy lamp for trans- 
illumination both before and during the operation. The lamp is inserted up the 
nose when the angular vessels can be seen with ease. Their outline is then marked 
with ink (Bonney’s blue) on the skin, so that they can be avoided when making 
the incision. The area of maximum luminosity is noted and marked, for 
this will indicate the site of election for the bony excision. The proposed skin 
incision is drawn taking these points into account. The rhinostomy lamp is 
used again during the operation when the periosteum has been incised and 
reflected, in order to confirm the trephining site in the bone. At this stage with 
the assistance of the lamp it is possible to effect penetration into a low anterior 
ethmoidal air cell. The presence of this structure is shown by the relatively low 
illumination density observed. The use of the lamp also confirms that the 
nasal bony wall has been completely removed before the incision of its mucous 
membrane takes place. It is thus absolutely certain at all stages of the operation 
that a true rhinostomy has in fact taken place and that there has been no side- 
tracking into the ethmoidal cells. Further, it is possible to see the features of 
the sac with the aid of the light shining from inside the nose after it has been 
opened. Should there be any bleeding points, these can be picked up with ease 
with the help of the light. The position of the flaps of the sac can be planned 
accurately and placed in the most suitable position for that particular case. 

The introduction of special needles by Rycroft (1951) has greatly facilitated the 
task of suturing the mucous membrane and sac flaps. These needles are based on 
the Denis Browne cleft palate needles and are five-sixths curved. They are stoutly 
made and measure one quarter of an inch between the point and‘ the eye, being 
small enough to be manoeuvred within the limits of the lacrimal sac region. 

It has been found that to obtain a good and imperceptible scar it is desirable to 
place the skin incision as anteriorly as possible on the side of the nose (Figure). 


FiGure.—Post-operative appear- 
ance showing anterior scar and 
catheter in position. 





An incision placed posteriorly is under tension as it is crossing a relative cavity. 
This condition is responsible for a tendency to the formation of keloid. In addition 
shrinkage taking place when healing in this position produces a web effect, which 
is unsightly and has the appearance of a congenital epicanthal fold. The incision 
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should also be straight and not curved, as any shrinkage on a straight line is sub- 
sequently imperceptible. 

Modified Arruga lacrimal hand trephines (Rycroft, 1951) are used in all cases. 
The shank has been lengthened to allow the handle to clear the lids and to avoid 
pressure on the cornea and to obtain better visibility. The main advantage to be 
gained from the use of the trephines is that when the bony disk prolapses into the 
nose it does not cause adventitious laceration of the lining mucous membrane. 
Thus, when the fenestra has been enlarged with the Citelli punch, the anasto- 


matic flaps can be planned to suit the anatomical conditions. 
Hypotensive anaesthesia is in routine use in all adult cases which are passed as 


suitable by the anaesthetist for this technique (Enderby, 1950). Bleeding is 
reduced to a minimum and no sucker is needed at the operation. The healing is 
expedited and there is less oozing between the sutured flaps in the cystorhinostomy 
opening (Rycroft and Romanes, 1952). This technique assists the surgeon mater- 
ially also in making the procedure a precise technique as opposed to a process 
hindered by sucker, swabs, or blood. Local anaesthesia is not used as it is difficult 
to obtain adequate infiltration of the scar tissue often found in cases seen at this 
Unit after general facial trauma. The large amount of fluid in the tissues not 
only alters their appearance and intimate physiology but also delays healing. 


An important point of technique which in our view needs emphasis is the 
insertion of a No. 3 Jacques catheter in the fenestra. The funnel-shaped end of 


this catheter is sutured in the opening over the posterior flaps and the anterior 
flaps are connected across the front of the catheter which then supports the suture 
lines. The catheter is allowed to remain in position for a week. It is removed 
without difficulty and allows syringing to be instituted early in the post-operative 
course as well as preventing the accumulation of blood which might organize 
ultimately to occlude the opening. 


Results 

The cases under review were taken in sequence and are unselected. Fifty 
cases are reported. The Table shows the position of the block in the 
lacrimal drainage apparatus and an analysis of the figures. The clinical 
Tesults are defined as those cases in which watering was cured. The cases 
which had a successful result anatomically in that they showed patency to 
syringing but which continued to be troubled by the symptom of epiphora 
for which they were originally referred are not counted as~ successful. 


TABLE 
RESULTS IN FIFTY CASES 














Result | 
Site of Block | Number of Cases 
Cured Unimproved Uncertain 
Sac 13 4 2 19 
Duct 26 1 4 ig 31 
Total Cases 39 5 6 50 





Percentage 78 10 12 100 
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The follow-up inquiry was well supported by the patients. Patients 
were asked whether they were free from watering and if not to supply 
the approximate date when the symptoms recurred. All the patients 
were seen at the clinic a month after their operation, again at 3 months, and 
finally at 6 months. The circular letter was sent out after more than a 
year had elapsed since operation, and replies to a questionnaire were 
received from all but six.* 

Examination of these results shows that those cases in which epiphora 
was due to a block situated in the sac were the most difficult to treat suc- 
cessfully. In this category only four out of thirteen cases were unimproved. 
Epiphora due to a block in the duct was easier to treat in that 26 out of 
31 of such cases were relieved. The reasons for the four failures were: 

(i) one had a further plastic operation and watering recurred 6 months later; 

(ii) two became blocked within the first post-operative month; as a second operation 
was not undertaken the reason remains conjectural but the probable cause was fibrosis 
of the small flaps obtainable; 

(iii) one developed an acute coryza with secondary infection; 

(iv) the case blocked after operation to relieve watering due to stenosis in the duct 
occurred in a child who had been in a motor accident. 

In children the rhinostomy results are notoriously uncertain because of 
abnormal healing reaction due to vigorous growth of scar tissue. Both 
(iii) and (iv) were apparent within. the first month. 

The relatively high number of ‘‘uncertain”’ cases is largely due to the time 
that elapsed between operation and the investigation of the results. The 
clinical records show that they were ail relieved for the first 3 months 
while they were visiting the hospital. It is only the absence of positive 
replies of cure that prevented them from being included in that group. 

It is our opinion therefore that any patient who is relieved for 3 months 


can be considered as permanently cured. By this criterion the rate of : 


cure is 45 cases in a series of fifty (90 per cent.). 


Summary 
(1) Results of dacryocystorhinostomy in fifty routine consecutive cases 
are reported. 
(2) Points of technique of the operation which contributed especially to its 
success are emphasized. 
(3) 90 per cent. of the cases operated upon were cured. 


I wish to acknowledge the help I have received in the preparation of this paper from 
Mr. B. W. Rycroft, who also gave permission to use the material from cases referred to the Unit. 
I am indebted to Mr. Gordon Clemetson for the photograph. 
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* Two patients returned an uncompleted form, one had been in approved school and his whereabouts were not 
known, one had gone abroad, and two letters were returned through the dead letter service. 
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MULTIPLE ISLANDS OF RETINOBLASTOMA* 
INCIDENCE RATE AND TIME SPAN OF APPEARANCE 
BY 


H. B. STALLARD 
London 


IN the days before successful irradiation of bilateral retinoblastoma, the 
opportunities for studying the dates of appearance and the rate of growth 
of multiple islands of this neoplasm occurring in the remaining eye were 
rare, and indeed could only have occurred either when parental permission 
for excision of the second eye was refused or in the rare event of spontaneous 
recovery. The rarity of retinoblastoma in the white race (16°8 in 100,000 
eye patients), the even greater rarity of spontaneous recovery, and the fact 
that the survival of those children for whom treatment was declined was 
unlikely to exceed one year or 18 months, doubtless explain the 
absence of any account in the literature of the incidence rate and the 
period during which multiple retinoblastoma islands may appear. Such 
information is of importance in the follow-up and prognosis of children 
affected by this tragic disease. 

Hilgartner (1903) discovered that retinoblastoma was radiosensitive, and 
Lawson (1916), Knapp (1920), and Chase (1920) tried radiotherapy, using 
rather crude surface applicators of Columbia paste in which radium needles 
were set. The results of this technique were ineffective in destroying the 
neoplasm and often inflicted serious damage to the eye. So it was not till 
1929, when Foster Moore (with whom I was privileged to be associated in this 
pioneer work) succeeded in destroying a retinoblastoma by the interstitial 
insertion of a radon seed, that a study of the subsequent fate of the second 
affected eye was possible. 

Since 1929 improved radiotherapeutic technique, particularly with the use 
of radio-active discs made to fit exactly the curvature of a child’s sclera, and 
the selection of patients in whom only one-third or less of. the retina was 
involved in the neoplasm, have raised the successful results to 96 per cent. 
These favourable results have made it possible to study the course of 43 
patients treated and followed-up during a period of 25 years. 

Fig. 1 (overleaf) shows the ages (and therefore to some extent the span of 
time) at which multiple islands, two to five in number, appeared in 26 
patients after the initial detection and successful treatment of this neoplasm 
at one or more sites. Absolute accuracy about the date of onset of the first 
island was only possible when a hitherto unaffected eye was-being kept under 
observation, for in the majority when the child was first brought to hospital 
on account of one eye being almost full of retinoblastoma the second eye 





*Received for publication January 3, 1955. 
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was also found to be affected. However, examinations thereafter at monthly 


intervals allowed fair precision in assessing the time of onset of the other 
islands. 


| 








RETINOBLASTOMA ISLANDS 


Ee ee ee ke 
,. 


RATE (MTHS) 6 12 18 24 
Fic. 1.—Age at which multiple islands of retinoblastoma appeared in 26 children. 


It was interesting to note that the neoplasm might appear in some part of 
the fundus remote from the original site as early as 2 weeks after the treatment 
of the original growth. 

With one exception these additional islands appeared in eyes in which the 
retinoblastoma was first noted between the 4th and 7th month of life. _In- 
deed when both eyes are affected by retinoblastoma the neoplasm appears 
earlier than when the disease is unilateral. Dollfus and Auyert (1953) state 
that the average age at onset in bilateral cases is 1 year and 10 months, and 
remark that this is precocious compared with unilateral cases in which the 
average age is 3 years and 4 months. Unilateral cases of retinoblastoma 
sometimes occur as late as 10 or 11 years of age but these are rare. In my 
own series of 43 bilateral cases, the average age at which the children were 
brought for examination was 15 months, and 21 of these children were under 
1 year of age. Fig. 2 shows the incidence of multiple islands in both eyes. 
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RETINOBLASTOMA ISLANDS 


Fic. 2.—Bilateral incidence of multiple islands of retinoblastoma. 
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It is also interesting to note (see Fig. 1) that the appearance of other 
islands of retinoblastoma ceased at the’ age of 2 years and 1 month so far as 
my series is concerned. Nevertheless, I have considered it desirable to 
continue follow-up examinations at monthly intervals until the child is 5 
years of age, after which the neoplasm is most unlikely to re-appear. 


Summary 


This paper discusses the incidence rate and the span of time during which 
multiple islands of retinoblastoma may appear after successful irradiation 
of an initial island or islands of retinoblastoma elsewhere in the fundus. 
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CORNEAL INFECTIONS AFTER CORTISONE THERAPY* 


BY 


YUKIHIKO MITSUI anp JUN HANABUSA 
Department of Ophthalmology, Kumamoto University Medical School, Japan 


CorTISONE and hydrocortisone are now widely used in the treatment of 
ocular inflammations, particularly in allergic conditions such as phlyctenular 
keratoconjunctivitis, vernal conjunctivitis, scleritis, uveitis, and some kinds of 
keratitis. In the treatment of diseases in the anterior segment of the eye, 
an inexpensive topical application in the form of a suspension or ointment 
may be used with benefit. Such applications seem to have few side- 
effects, but Thygeson (1953) calls attention to the fact that cortisone is a 
double-edged weapon, since, though it may control the inflammation, it 
may also increase the susceptibility of the individual to micro-organisms. 
He encountered cases of fungus infection of the cornea after treatment 
with cortisone. 


(1) Fungus Keratitis after Cortisone Therapy 


In our clinic during the past 2 years, we have experienced two cases of 
corneal infection with fungi among 698 cases in which cortisone or hydro- 
cortisone was used topically for over one week. We also observed two 
other cases of fungus keratitis in which cortisone had been given by other 
physicians. 

Case Reports 


Case 1, a 64-year-old male, suffered from a serous iritis in the left eye and was given 0:5 
per cent. cortisone ointment six times a day. After 6 days there was a considerable im- 
provement in the iritis and the visual acuity improved from 20/200 to 20/30. The 
instillation of the cortisone was continued, and on the 11th day the patient suddenly 
complained of a visual disturbance, ocular pain, and headache. The visual acuity was 
reduced to 20/200. An infiltration 2 mm. in diameter was observed at the centre of the 
cornea and there was a slight circumcorneal injection. An instillation of oxytetracyclin 
ointment was added, but the corneal infiltration increased and, 2 days later, ulceration 
with hypopyon became evident (Fig. 1, opposite). _ No bacteria were found in the dis- 
charge but a fungus spore was demonstrated in scrapings from the cornea (Fig. 2, 
opposite). The cortisone application was stopped immediately. The ulcer was scarified 
and cauterized and high concentrations of various antibiotics and gentian violet were 
applied. The inflammation subsided gradually in the course of 2 months, but a total 
leucoma of the cornea resulted. 


Identification of the Fungus:—Bacterial culture was negative but fungus culture on Sabouraud 
media resulted in a positive growth, more profuse at 25°C. than at 37°C. The colony looked white 
and cream-like, round in shape, soft, and wet. In the hanging drop culture, isolated blastospores 
appeared. No membrane formation occurred in Sabouraud peptone water. Greyish-white 
colonies round in shape developed on blood agar. The pseudohyphae were formed on corn meal 
agar with chlamydospore formation at 37°C. (Fig. 3, opposite). Fermentation of glucose and sac- 


*Received for publication November 26, 1954. 
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Fic. 1.—Case 1, hypopyon 
ulcer. ° 


Fic. 2.—Case 1, fungus 
spore in corneal scraping. 


Fic. 3.—Case 1, pseudo- 
hyphae with chlamydospore 
formation. 
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charose was positive, but that of maltose and lactose was negative. When enough of the colony 
to be suspended from a platininum-loop was injected in saline solution intravenously into rats, 
it proved lethal within 6 days. Necrospsy revealed multiple abscesses and nodules in the liver 
and kidney; the organism isolated from these lesions was indentified as Candida albicans. 

When the cultivated organism was injected into the stroma of the cornea, either at the centre 
or at the periphery, ulceration with hypopyon resulted, which spread steadily for the first 2 weeks 
and was followed by corneal vascularization. The keratitis resolved spontaneously in the course 
of 1 to 2 months, leaving a corneal leucoma. 


Case 2, a 41-year-old female, was being treated with cortisone and antibiotics by the 
family doctor for herpetic dendritic keratitis of the left eye at the margin of the cornea. 
Cortisone ointment was applied every hour during the day and an improvement was 
apparent after 5 days. On the sixth day, however, ulceration and infiltration with 
hypopyon appeared at the centre of the cornea. When the patient entered our clinic 10 
days after the onset of the hypopyon keratitis, 90 per cent. of the cornea was densely 
infiltrated. The hypopyon was apparent (Fig. 4, opposite) while the conjunctiva was 
intensely inflamed. No bacteria were found in the smear, but a fungus was demon- 
strated in corneal scrapings. Scarification of the cornea with cauterization and application 
of sodium propionate and gentian violet were tried with little benefit. After about 50 
days the inflammation subsided, leaving a total leucoma of th: cornea. 

Identification of the Fungus.—In scrapings from the ulcer, hyphae, conidiospores, and vesicles 
of a fungus were demonstrated in great number (Fig. 5, opposite). Bacterial culture on blood agar 
was negative, but a rapid growth of fungus was obtained on Sabouraud agar at 37°C. A rapid 
growth was also obtained at 40°C. but at 25°C. the growth was slow, The early colony was 
round, and consisted of semi-translucent, radiating, silk-like hyphae. In the course of 
several days, the colony occupied the entire surface of the media; the colour changed to greyish- 
white and a bluish-green spore zone appeared. In old culture of 3 week’s duration, the entire 
surface of the media was covered by a blackish-brown colony. In the hanging drop culture, 
hyphae with septa, conidiospores, vesicles, and sterigmata were formed, and conidia formed at 
the end of the sterigmata (Fig. 6, opposite). A thick white colony developed on peptone agar. 
The organism was thus identified as Aspergillus fumigatus. oo 


When the cultivated organism was injected initially into rabbit cornea, a hypopyon keratitis 
developed in 3 days, The entire cornea became infiltrated in the course of one week with an 


appearance of pannus crassus, and the infiltration reached a climax by the end of the second 
week. In 2 months the inflammation subsided to result in a corneal leucoma. When the in- 


oculation was made at the periphery of the cornea, the course of the keratitis was similar but a 
little milder. 


Case 3, a 27-year-old male, was being treated by us for phlyctenular keratitis in his left 
eye, by the instillation of hydrocortisone ointment with good results, but after 14 days 
suddenly complained of a severe pain in the eye. There was a disciform ulceration and 
infiltration about 5 mm. in diameter at the centre of the cornea. No bacteria were found 
in the smear, but in scrapings of the ulcer hyphae and fungus spore were demonstrated. 
The application of hydrocortisone was immediately stopped. The ulcer was curetted and 
cauterized. The treatment was repeated twice after 5 and 11 days and an application of 
0-05 per cent. trichomycin* ointment was added, whereupon the corneal inflammation 
began slowly to subside. After 48 days a leucoma remained at the centre of the cornea, 


but visual acuity of 20/200 was preserved. 

Identification of the Fungus.—\n scrapings from the ulcer, hyphae with septa and a chain of 
spores were demonstrated. A good growth of fungus was obtained on Sabouraud agar at 25°C. 
The colony was at first white and wool-like, but in time turned pink with a spore zone of a cream- 
coffee colour. In the hanging-drop culture, hyphae with septa, conidiospores, sterigmata, and 
conidia were seen, without the formation of a vesicle (Fig. 7, overleaf). The organism was thus 
identified as Pencillium sp. : 

When the cultivated organism was injected into the rabbit cornea, it caused a hypopyon ket- 
atitis; the clinical course of the keratitis was similiar to that caused by inoculation of Aspergillus 
fumigatus but a little milder. 

*Trichomycin is a new antibiotic found in Japan and is selectively effective against fundus group of micro- 


organisms. It caused irritation when applied to the conjunctiva) sac at a higher concentration than 0-1 per cent., but 
the 0-05 per cent. ointment was well tolerated. 
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Fic. 4.—Case"2, hypopyon 
ulcer. 





Fic. 5.—Case 2, hyphae, conidio- 


spores, and vesicles of a fungus 
in corneal scrapings. 


Fic. 6.—Case 2, formation of 


conidia at end of sterigmata. 
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Fic. 7.—Case 3, hyphae 


with septa, conidiospores, 
sterigmata, and conidia, 
without vesicle formation. 


Case 4, a 26-year-old male, was being treated by his family doctor with cortisone and 
antibiotics for a peripheral corneal infiltration of the right eye. The condition was cured 
after 7 days’ treatment with cortisone ointment applied every 3 hours. The patient 
continued to apply cortisone, and 2 days later complained of pain and visual disturbance. 
When he visited our clinic one week later, there was ulceration and infiltration near the 
centre of the cornea with ciliary injection but without hypopyon. Visual acuity was 
counting fingers at 2m. No bacteria were found in the smear, but fungus hyphae were 
demonstrated in scrapings of the ulcer. Scarification and cauterization of the ulcer 
were performed immediately, and 0:05 per cent. trichomycin ointment’ applied every 4 
hours, whereupon the inflammation began slowly to subside. Cultures from the ulcer 
were negative until after 6 days when one colony of the fungus appeared in the culture. 
On the next day, therefore, surgery was again applied. The ulcer was cured [0 days 
thereafter, but it was 8 weeks before all inflammatory signs disappeared. Visual acuity 
of 20/60 was preserved. 

Identification of the Fungus.—Bacteria did not grow on blood-agar culture. A good growth of 
fungus was obtained on Sabouraud agar at 37° and 40°C., and less at 25°C. The morphology, 
biology, and pathogenicity of the fungus corresponded to that isolated from Case 2, and the fungus 
was identified as Aspergillus fumigatus. 

Incidence of Fungus Appearance after Cortisone Therapy.—The frequent occurrence 
of fungus keratitis after cortisone therapy suggested the advisability of studying 
the propagation of fungi in the conjunctival sac after therapy of this type. 

We selected 63 cases in which topical treatment with cortisone had been con- 
tinued for more than 3 weeks. From these cases the conjunctival surface was 
scraped with a platinum loop and cultures were made on Sabouraud glucose agar, 
wort agar, malt agar, and corn starch agar, at 25°, 37°, and 40°C., for at least 10 
days. If any fungus appeared in the culture, identification experiments (such as 
hanging-drop culture, inoculation into animals, and fermentation tests) were 
performed. Fungi were demonstrated in 42 of these 62 cases (67 per cent.). The 
identification experiments revealed that the following groups were involved: 


Penicillium ... aah Oospora Gi seg Verticillium ... 
Candida Cystospora ... yo Mycelia 


1 
Saccharomyces aay Scopulariopsis at Hyalops ee eee 
2 Phoma Bs ae ; 


Aspergillus ... ‘ ais Achorion. 
Rhodotorula ... sé Torulopsis ... ine Cladosporium 
Mucor _ abs 
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As a control experiment, 65 other cases in which no cortisone had been used 
were selected at random and examinations for fungi were performed, using the 
same procedure as above. Fungi were demonstrated in twelve of these 65 cases 
(18 per cent.). The nature of the fungi was as follows: 


Rodotolura ... rae Torulopsis... ees a 

Saccharomyces ... 3 Schizosaccharomyces | 

Aspergillus ... Le ee | Mucor Cue e 
] 


Trichophyton 


In the second experiment we selected eighteen cases in which no fungus of any 
kind was demonstrated either in smear or in culture. In these cases, a hydro- 
cortisone ointment was applied topically five to six times a day for about 3 weeks. 
At the end of the third week, cultures for fungus cultivation were made from these 
cases as in the first experiment, and in nine of the eighteen cases fungi were found 


in the conjunctival sac. The following groups were involved: 


Penicillium ... ik Hyalops 


Rhodotorula ... ie Dematium 
Aspergillus ... ESS | 


(2) Pseudomonas Infection after Cortisone Therapy 


In addition to fungus keratitis, we observed one case of hypopyon 
keratitis due to an infection of Pseudomonas aeruginosa induced by topical 
cortisone. 


Case Report 


Case 5, a 25-year-old female, was being treated with topical cortisone by her family doctor 
for intersititial keratitis in the left eye; 6 days after the beginning of the treatment she 
complained of a foreign-body sensation in this eye, and 4 days later she had a severe pain 
in the eye with headache, nausea, and vomiting. The following day she entered our 
clinic. There was an intensive circumcorneal injection in the left eye; the cornea was 
diffusely cloudy and there was a dense central infiltration 6 mm. in diameter with an 
ulcer about 3 mm. in diameter and a necrotic centre; an hypopyon was apparent in the 
anterior chamber. The scraping of the ulcer contained Gram-negative bacilli with a 
few Gram-positive cocci, but no fungus. A combination ointment (tetracyclin, 1-0 per 
cent.; erythromycin, 1:0 per cent.; colistin,* 0-2 per cent.) was then administered 
topically every 30 min., carbomycin 1-8 g. daily was given by mouth in six doses, 
and atropine was instilled. The pain began to subside in the course of 12 hrs, 
and after 24 hrs a clinical improvement was obvious. After 48 hrs the hypopyon 
disappeared, the cornea became a little more transparent, and the infiltration as well as 
the ulceration was reduced. The antibiotic ointment was then administered less fre- 
quently during the night. The ulceration was finally cured after 8 days’ treatment and 
bacteriological examination was negative. The treatment was continued, with the 
exception of the systemic administration of carbomycin.. After 2 weeks’ treatment, the 
patient was discharged; 2 months later, there was a leucoma at the centre of the cornea 
due to the ulcer and a slight but diffuse cloudiness of the cornea due to interstitial 
keratitis. Visual acuity was hand movements. 


Identification of the Bacteria.—Colonies of Gram-negative bacilli with polar flagellates grew 
abundantly on ordinary agar at 37°C. Bluish-green pigment was produced. Gelatin was 
liquefied. Litmus milk was softly coagulated, showing an alkaline reaction. The organism 
was identified as Pseudomonas aeruginosa. 








* Colistin is a new antibiotic found in Japan. The spectrum is similar to that of polymyxin. 
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Discussion 


It is generally known that the use of antibiotics often results in a fungus 
infection, particularly with the moniliasis Candida albicans. In the field of 
ophthalmology, however, antibiotics do not seem to favour such infections 
on topical application. Tanaka (1952) has already studied this subject and 
reported that the incidence of Candida in the conjunctiva after antibiotic 
treatment (7-5 per cent.) was not much greater than in control cases 
(5-7 per cent.). She considered that this might be due to the high 
concentration of antibiotics in topical applications. She demonstrated in 

 yitro that antibiotics of the tetracycline group did not accelerate the growth of 
Candida but inhibited it at concentrations of 0-5 to 1-0 per cent. such as are 
routinely used in ophthalmology in the form of solution or ointment. 

Although fungus infection after antibiotic treatment has not proved to be 
a complication, it would seem that corneal infections of this type may be 
a sequel of treatment by cortisone. The incidence of fungus infection after 
cortisone therapy was about 0-3 per cent. (2 : 698) among cases in which 
cortisone was given topically by us for more than gne week. We have also 
observed other cases in which cortisone had been given by the patient’s 
own physician. In four -cases of fungus keratitis and one of Pseudo- 
monas keratitis the infection became manifest 1 to 2 weeks after beginning 
cortisone therapy. 

The incidence of the presence of fungi in the conjunctival sac after corti- 
sone therapy was found to be 67 per cent. (42 : 63), while in control cases 
it was only 18 per cent. (12 : 65). When hydrocortisone was applied in 
eighteen cases in which no fungus had been demonstrated, this type of 
organism appeared in nine of them (50 per cent.) after 3 weeks’ application. 

Corneal infection by fungi and Pseudomonas cannot easily be controlled 
by the antibiotics so far available to us and it presents a serious hazard to the 
safety of the eye, for the loss of all useful vision is not an unusual termination. 
It may, therefore, be wise to make periodical bacteriological examinations 
of the conjunctiva before and during a course of cortisone treatment. If any 
dangerous signs appear, the application of cortisone should be stopped. 
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Summary 


Four cases of hypopyon keratitis due to a fungus infection and one case 
due to Pseudomonas infection are described. All these infections followed 
the topical application of cortisone or hydrocortisone. ; 

The cortisone used in this study was partially supplied by Dr. Alpert, Merck Co., New Jersey, 


U.S.A., the trichomycin by Mr. Kobayashi, Sanyo Co., Nagoya, Japan, and the colistin by 
Mr. Koyama, Kakenyaku Co., Tokyo, Japan. 
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CASE NOTE 


OCULAR MANIFESTATIONS IN A CASE OF 
HAEMORRHAGE INTO THE FOURTH VENTRICLE* 


BY 


M. SENGUPTA 


From the Department of Ophthalmology, Eye Infirmary, Medical College, Calcutta 
(Professor-in-charge : Dr. K. Sen) 


PoNTINE lesions due to intrapontine haemorrhage are rare. Such cases are 
always grave but they can usually be diagnosed in ‘life by characteristic 
signs. The following case had 2 haemorrhage in the fourth ventricle which 
produced the signs of ponto-medullary involvement. 


Case Report 


A male patient, aged 25, came to the Eye Infirmary, Medical College, Calcutta, on August 
17, 1951, with a history of sudden loss of vision, headache, and. vertigo of about one 
month’s duration. His vision improved within a few days of the attack, but nausea, 
vertigo, and occipital headache increased. He felt more sleepy than before and 
lost his taste sensation. During the last week he had found difficulty with speech, 
deglutition, and micturition. He was unable to close his right eye and felt weakness 
in the right side of his face. He also complained of impairment of hearing in his 
right ear. His past history revealed nothing of importance except an attack of fever 
about one year before. 


Examination.—The patient looked ill and was not mentally alert. He answered 
questions with great difficulty. 

Visual acuity was 4/60 in the right eye and 6/18 in the left. It may have been more 
but the patient was unable to co-operate. 

The corneae were clear, and the pupils were small, equal, regular in outline, and 
reacted to light and convergence. The discs were pink and the veins full; otherwise 
the fundi were normal. The visual fields were normal as tested by the confrontation 
method. There was no central scotoma for white and colour. 

The right palpebral fissure was wider than the left, and the right eye was slightly 
convergent. 

Horizontal conjugate movements to right and left were absent, the vertical conjugate 
movements were normal, convergence was normal. Except the loss of outward move- 
ments, all other movements—upward, downward, and inward to convergence—were 
normal. There was no nystagmus. 

The right corneal sensation was diminished and the right side of the face had an 
infranuclear type of facial paralysis. The hearing was defective in the right ear, and 
taste was lost in the anterior two-thirds of the tongue (posterior part not tested). 
Movements of soft palate and tongue appeared normal but speech was slurred. There 
was no defect of smell, and the other cranial nerves appeared normal. 

There was weakness in the left hand. The patient could walk and his gait was not 
ataxic, but there was slight unsteadiness in his gait when his eyes were closed. The 
bladder was distended and had to be relieved by catheterization. No definite sensory 
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disturbance in the body and limbs was detected. The abdominal and plantar reflexes 
were absent on both sides, but the knee jerk was present and was brisker on the left side. 


On August 20, 1951, the patient was drowsy but not unconscious. The ocular 
movements were the same. Convergence was weak, and the pupils were constricted and 
unequal, the right being smaller than the left. Both pupils reacted to light. The fundi 
were the same. 

Swallowing had become very difficult and speech was slow, slurring, and almost 
inaudible. There was some neck rigidity and Kernig’s sign was positive. Abdominal 
and plantar reflexes were absent, but left ankle clonus was present. 

Temperature 97-8°F., pulse rate 62, respiration rate 20, blood pressure 100/64. 

Haemoglobin 75 per cent., total white blood count 9,000, polymorphs 70 per cent., 
lymphocytes 29 per cent., eosinophils 1 per cent. Blood sugar 166 mg./100 ml., 
urea 45 mg./100 ml.,. NPN 35 mg./100 ml., Kahn test negative. Sedimentation rate 
12 mm./hr., bleeding time 3 min., coagulation time 44 min., urine nothing abnormal. 


Therapy.—Systemic penicillin was given, and as the pulse rate slowed down to 54 
lumbar puncture was done. 14 ml. blood-stained cerebrospinal fluid were withdrawn 
under moderate pressure, cell count 600/ml., Wassermann reaction negative. 


On August 21, 1951, the patient was drowsy but still conscious. Pulse rate improved 
to 78 after lumbar puncture. Temperature 98.8°F. Motor function as before. Painful 
sensations had diminished in the limbs and body, particularly on the left side. 

The pupils were constricted and unequal, the left being now smaller than the right; 
reaction to light was sluggish, and convergence reaction impossible to judge. Vertical 
conjugate movements were present, lateral conjugate movements absent, no nystagmus. 
Fundi normal apart from pink discs and congested veins. 

The next day the patient was semi-conscious. The pupils were constricted, the left 
almost to a pin-point, and both were inactive to light. The discs were intensely congested, 
with slight blurring of the upper nasal margin of the right disc and the upper margin of 
the left disc. Temperature 97-4°F, pulse rate 62, respiration rate 18. 


Therapy.—A second lumbar puncture was done when the pulse rate was 40, and 10 ml. 
blood-stained cerebrospinal fluid under slight pressure were withdrawn. Lumbar 
puncture did not improve the condition and the patient died on August 23, 1951, 6 days 
after admission. 


Post-Mortem Findings.—There was a small blood clot in the subarachnoid space of the 
cisterna cerebello-medullaris in the posterior fossa, and another blocking the right 
cerebello-pontine angle and extending to the roots of the right seventh and eighth 
nerves (Fig. 1). The superficial surfaces and base of the brain, the optic nerves, the 
chiasma, and the optic tracts appeared normal. On sagittal section of the brain, 
dividing the brainstem, cerebellum, and cerebral hemispheres into two halves, a large 
blood clot (2” x 1”) was found to fill the cavity of the fourth ventricle which was itself 
very much distended (Fig. 2). The clot extended as a wedge upwards into the lower part 
of the cerebral aqueduct, while the upper part of the aqueduct was completely closed by 
the oedematous brain substance, which prevented entrance of any blood into the third 
ventricle. The ventricular clot extended downwards into the central canal of the medulla, 
and laterally into the lateral recesses of the fourth ventricle. On the right side the clot 
protruded into the right cerebello-pontine angle and extended to the roots of the right 
seventh and eighth nerves. Posteriorly the blood clot was firmly apposed to the 
ventral surface of the cerebellum, while anteriorly it severely compressed the floor of the 
fourth ventricle, forming an angulation at the ponto-medullary junction. The cut 
surfaces of the brainstem showed the blood clot penetrating for a depth of 3 or 4 mm. 
into the brain substance at the place of angulation. The lateral ventricles, the third 
ventricle, and the cut surfaces of the cerebrum and cerebellum appeared normal. No 
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No ably this was due to the failure of blood to enter the third ventricle and 
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damage the hypothalamic thermal centre as the cerebral aqueduct was 
blocked by the oedematous brain tissue. The cause of sudden loss of 
vision is also difficult to explain. Perhaps it was due to reflex vasospasm 
of the blood vessels supplying the visual pathways—an attempt by nature 
to stop the haemorrhage ? Another notable feature was the absence of 
nystagmus, though the pathological process had in all probability involved 
the vestibular nuclei and the medial longitudinal fasciculi. The final 
difficulty is to explain the cause and source of haemorrhage in the absence of 
any diseased vessel or cerebral aneurysm. Intrapontine haemorrhage from 
the median pontine branches of the basilar artery may in rare cases burst 
into the cavity of the fourth ventricle, but the cut surface of the pons did 
not show much destruction of the pontine tissue except at the dorsal surface 
of the pons. Though primary ventricular haemorrhage is rare, the haemorr- 
hage in the present case may have come from the bursting of a congenital 
aneurysm in connection with a minute vessel on the floor of the fourth 
ventricle or from the choroidal plexus of the fourth ventricle, but the im- 
mediate cause of rupture was not understood as the blood pressure was low. 


: Summary 
A case of haemorrhage in the fourth ventricle with autopsy findings is 
described. The clinical picture was that of a pontine lesion, except that 
the patient had no rise of temperature. The sudden loss of vision at the 
onset of the disease was not clearly understood, but a possible mechanism 
is suggested. ; 
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BOOK REVIEWS 


Modern Trends in Ophthalmology (3rd Series). By ARNOLD SorsBy. 1955. Pp. 346, 
111 figs, 3 col. pl. Butterworth, London. (65s.). 


The third volume of Modern Trends in Ophthalmology has now appeared under the 
editorship of Prof. Arnold Sorsby; it is about half the size of its two predecessors which 
appeared in 1940 and 1948, but unfortunately, in the way that such things go these days, 
is more expensive than either. The volume preserves the spirit and the scope of its 
predecessors, being composed of independent essays written by a variety of authors 
‘ on subjects in which progress has recently been made; in the present case 36 contributors 
derive from foreign countries and 18 from Great Britain. The book is divided into 
five sections, each containing a number of short chapters: the fundamental sciences 
(anatomy, physiology, optics); diagnostic procedures; pathology; clinical aspects and 
treatment; and the social aspects of ophthalmology insofar as they affect the blind and 
visually handicapped. 

A critical review of a book of this kind considered as a whole is difficult, since, as so 
frequently happens in a composite volume, the standard of the contributions is uneven: 
some are good, others not so good; most are short, some so short, as Sysi’s contribution on 
miliary aneurysms, as to be of little informative value. Probably for this reason, also, 
many contributors are more dogmatic in their conclusions than critical in their assess- 
ment. Reading the volume thus reveals statements which require qualification and 
amplification; these are numerous, but a few samples may suffice. Thus Leopold thinks 
that the sulphonamides, particylarly sulphadiazine, are effective as treatment in toxoplas- 
mosis; Stallard is unusually despondent about the value of corneal grafting, not advising 
it in patients whose vision is better than 6/60, while he neglects the undoubted value of 
new instruments for measuring accurately the thickness of the cornea in cases where its 
accurate clinical assessment is otherwise practically impossible; it is difficult to under- 
stand what Barraquer Moner means by “ venous inflow into the eye’, and so on. 

In another aspect the contents of the book fail to live up to its title. The most dramatic 
example of this is seen in the section on retrolental fibroplasia: W. C. and E. U. Owens 
state that the aetiology of this disease is unknown and that none of the numerous aetiolog- 
. ical theories has been substantiated, an excess or deficiency of oxygen being given as 
much credence as a deficiency of vitamins or a virus infection; the only suggestion as to 
management is the social adjustment of blind children and sorrowing parents. It is 
odd that a book bearing the date 1955, and presumably prepared for the press in 1954, 
should not include a reference to experimental work published in London in 1953 which 
demonstrates the cause of retrolental fibroplasia as conclusively as has been achieved in 
any disease—a finding which the Editor himself accepts on another page in the book and 
which has resulted in the virtuai elimination of the disease in Great Britain. It is 
difficult to imagine that this knowledge has not percolated to Baltimore; it is easier to 
imagine that the chapter was written a long time ago and has remained unaltered. But 
the responsibilities of editorship should surely not be taken as lightly as that; alternatively 
the title of the book should be altered. 
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The Visual Fields. By Bropie HuGHEs. 1954. Pp. 174, 158 figs. Biackwell Scientific 
Publications, Oxford. (35s.) 

_ Any writer of a book on perimetry sets himself a difficult task, for his work must bear 
comparison with the classical treatise of Traquair which was essentially responsible for 
standardizing and popularizing this indispensable technique throughout the English- 
speaking world and beyond. Essentially this volume is an application of the principles 
and methods of practice of quantitative perimetry laid down by Traquair and applied to 
the problems of neurology. It is true that at the end of the book the changes in the 
visual fields in purely ocular conditions—inflammatory, toxic, glaucomatous, and so on— 
are described, but their consideration is cursory and intended primarily to enable the 
neurologist to distinguish the more characteristic types from defects arising in sepaciation 
with diseases and injuries of the central nervous system. 

As a small text-book dealing with the changes in the visual fields in neurological inte 
the book is good, and is indeed unique. Its value is much increased by its personal nature, 
for every field described refers to a case personally studied by the author. In this respect, 
of course, the author’s experience is vast; and it is refreshing to appreciate the sustained 
enthusiasm and accuracy of clinical observation combined with critical analysis which 
alone could have made such a volume possible. The presentation of the subject is 
unusually clear, and the elaborate and complicated quantitative fields are so well drawn 
to a uniform plan as to form an example in clarity which others would do well to follow. 
To the neurologist and the ophthalmologist the book will be of unusual value. 
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COMMUNICATIONS 


GENERALIZED CHOROIDAL SCLEROSIS* 


COURSE AND MODE OF INHERITANCE 
' BY : 
ARNOLD SORSBY AnD J. B. DAVEY 


Ophthalmological Research Department, Royal College of Surgeons, 


and Royal Eye Hospital, London 


T least. two forms of choroidal sclerosis can be distinguished—the sharply 
cumscribed central areolar type, which has been discussed elsewhere 
‘Sorsby, 1939; Sorsby and Crick, 1953), and generalized choroidal sclerosis, 
e subject of the present study. 
“The late stages of generalized choroidal sclerosis are unmistakable, for 
r ot only are the choroidal vessels throughout the fundus exposed, but they 
¢ converted into white streaks—a change perhaps more marked in some 
s of the fundus than in others. A subsidiary feature, not always present, 
the occurrence of pigmentation, generally at the extreme periphery and 
metimes of the bone corpuscle type, but the appearance of the disc and 
relatively healthy state of the retinal vessels—never showing the marked 
ftenuation seen in correspondingly advanced retinitis pigmentosa—readily 
tinguish the condition from the retinitis pigmentosa group. 

‘Elsewhere (Sorsby, 1939) the hereditary basis of generalized choroidal 
erosis has been recorded. The mode of inheritance is still undetermined, 
ough dominance would appear likely from some family records of 
typical retinitis pigmentosa”’, suggestive of choroidal sclerosis rather than 
initis pigmentosa. . The present study is of interest for three reasons: 


(1) it gives support to the view that the condition is inherited in a dominant 
ner; 
+ (2) it brings out the earlier stages of the affection when the appearances are not 
at all pathognomonic; 
iS (3) it records the terminal 
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Case Records 


I. Cl. Family.—Four affec- 
ted members were observed 
in two generations (Pedigree 
Chart I). In the first gener- 
ation there were five survi- 
PepiGRee Cuart I.—Cl. Family. vors of an initial sibship of 
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seven, and three of these survivors were affected. They are all elderly. Their 
parents are reputed to have had good sight and were not consanguineous. 


Case 1, Mrs. G. C., aged 71 (I, 2 in Pedigree Chart I), the proband. This patient, 
who is registered as blind, first noted trouble at the are of about 55. There is no 
history of nightblindness, and for the past 16 years vision has declined progressively 
to its present state of counting fingers in each eye. The right fundus is shown in 
Fig. 1; the left fundus is very similar. There is extensive choroidal sclerosis centrally 
and around the disc, with considerable extension of the same process towards the 
periphery. The larger choroidal vessels peripherally are, however, still not con- 
verted into white streaks. There is a peculiar generalized darkening of the whole of 
the fundus background. The tension rose on instilling a mydriatic and both discs 
showed glaucomatous optic atrophy. There is some mild narrowing of the retinal 
vessels. The patient was seen by Dr. M. Klein in 1950 when the condition appeared 
to be not very much milder than now. The glaucoma obviously contributed sub- 
stantially to the. decline in vision. 


Figs 1-4.—Generalized choroidal sclerosis. Range of appearances in a woman aged 7] 


(Fig. 1), her elder sister (Fig. 2), a younger sister (Fig. 3), and the proband’s daughter (Fig. 4)— 
all members of the family shown in Pedigree Chart I. 


Fic. 1.—Case 1, proband, 
Mrs. G. C., aged 71 (I, 2). 
Right fundus, showing exten- 
sive choroidal sclerosis cen- 
trally and around the disc, 
with considerable extension of 
same process towards periph- 
ery. The larger vessels peri- 
pherally are, however, still not 
converted into white streaks. 
There is a peculiar generalized 
darkening of the whole of the 
fundus background. The disc 
shows an incidental glaucom- 
atous optic atrophy. There 
is also some mild narrowing 
of the retinal vessels. The left 
fundus was essentially similar. 





Case 2, Mrs. A. W., aged 78, an elder sister of Case 1 (I, 1). The patient would 
admit only minor visual disturbances, but her vision is 6/36 in the right eye, and 6/60 
in the left, not improved. When seen by Dr. Klein in 1950 the vision was 6/9 in 
the right eye, and 6/12 in the left. The maculae then showed gross pigmentation. 
The present appearances are seen in Fig. 2 (opposite); apart from the pigmented para- 
macular reaction, there is considerable exposure of the choroidal vessels without 
any conversion into white streaks. There is also incipient generalized darkening 
of the fundus background. Colour vision was normal to the Ishihara test. 





one « 
late 
are b 
the b 








ir 


10 
ly 
in 
ly 
1e 


of 
cS 
al 
od 


71 


nd, 
2). 
en- 
en- 


| of 
ph- 
eri- 
not 
ks. 


the 
disc 
ym- 
ere 
ing 
left 
lar. 


uld 
5/60 
) in 
ion. 


ara- 
out 
1ing 








GENERALIZED CHOROIDAL SCLEROSIS 259 


Fic. 2.—Case 2, Mrs. A. W., 

78, elder sister of Case 1 
(I, 1). Right fundus, showing, 
apart from a pigmented para- 
macular reaction, considerable 
exposure of choroidal vessels 
without any conversion into 
white streaks. There is also 
incipient generalized darken- 
ing of the fundus background. 
The left fundus is essentially 
similar. 





Case 3, Mrs. G. T., aged 67, a younger sister of Case 1 (I, 5). This patient, 








too, would not admit any obvious ocular disability. Vision was in 6/60 the right eye, 
and 6/9 in the left, not improved. Fig. 3 (overleaf) shows the present appearances of 
the fundi. In the right eye (Fig. 3a) there is exposure of the choroidal vessels centrally, 
and some pigment stippling as well as some more massive pigment proliferation in the 
overlying retina. The left eye (Fig. 3b) shows ill-defined mottling in the central area 
with an exudative reaction, also ill-defined. When the patient was seen by Dr. 
Klein in 1950, the vision and fundus appearances were essentially similar. There is 
no history of nightblindness and colour vision is normal to the Ishihara test. There 
are fine corneal nebulae in each eye, probably the remains of an old phlyctenular 
keratitis. 


Case 4, Mrs. D. W., aged 53, daughter of Case 1 (II, 2). Her vision was 6/12 in 
the right eye and 6/9 in the left. The fundus appearances are shown in Fig. 4 
(overleaf). Both central areas are oedematous, and there is paramacular atrophy 
in the right eye (Fig. 4a). The lesion in the left eye (Fig. 45) is less definite. There 
is as yet nothing to suggest choroidal sclerosis in either eye. In 1950 Dr. Klein 
found vision of 6/9 in each eye, and very much the same fundus appearances as now. 


In this family, serious visual trouble does not seem to set in till late in life. Only 
one of the three sisters, all of whom are over 65 years, is severely handicapped. The 
late onset and the non-pathognomonic aspect of the early stages of the affection 
are brought out by the one affected patient in the younger generation (II, 2). On 
the basis of this group the following sequence of events seems likely: 





(1) A non-pathognomonic central oedematous-haemorrhagic lesion setting in at 
about the age of 50; 

(2) subsequent mottling of the central area with exposure of the choroidal vessels 
centrally; 

(3) later accentuation of these features with exposure of the choroidal vessels all 
over the fundus; 

(4) later still deepening into definite sclerosis centrally; presumably this sclerosis 
spreads towards the periphery. 
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II. C—e Family.—Some members of this family 
(Pedigree Chart II) were previously reported 
(Sorsby, 1940) as one of a group of families illus- 
trative of macular dystrophy of types other than 
Stargardt’s disease. The salient features then 
recorded in this family were: 


(i) The occurrence of an extensive central lesion 
in the two eyes of two sisters aged 43 and 39 years, 
The ophthalmoscopic reactions were too diffuse 
to fit into the known picture of Stargardt’s 
disease, and the genetic character of the disturb- 
ance was proved by disclosing other affected 
members in this family. 

(ii) A similar but less developed reaction in a 
younger brother aged 34. 

(iii) Extensive macular mottling—regarded as 
pathological in spite of retained central vision—in 
a boy aged 8 and his sister aged 5, the children of 
the youngest sister of the affected. sibship, this 
sister being herself normal. 


When this family was followed up again in 1950 
the following developments were noted :— 


(i) The unaffected sister, now aged 51, had 
begun to develop minor disturbances shortly after 
the original examination in 1933. She now showed 
central lesions similar to those previously shown 
by her sisters, and considerably more marked than 
those shown by her children. 

(ii) Of the affected sisters, the younger now 
showed obvious sclerosis of the choroidal vessels 
in the central area. 

(iii) The affected brother now showed a picture 
which was strongly reminiscent of retinitis pig- 
mentosa rather than of the reactions hitherto 
observed in the family. 

(iv) The two children—now young adults— 
showed obvious macular lesions with central 
vision still intact. 

(v) Four further cases showing relatively early 
lesions were found. 


ZB @ Reputed affected 
O O Reputed normal 


0.0, Normal , examined 


@ @ Affected 


PEDIGREE CHART II.—C—e Family. 














In this family there was therefore a wide range 
of appearances: mottling at the macula, similar to 
that seen in Stargardt’s disease but beginning very 
much earlier and clinically silent; a gross central 
reaction; central choroidal sclerosis; and a picture 
reminiscent of retinitis pigmentosa. 
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There were no consanguineous marriages. The personal details of these ten 


a cases (with ages as recorded in 1950) were as follows: 
Sa ' Case 5, Mrs. S. E., aged 62 (II, 2). Trouble began at about the age of 47 and 
: th increased in severity, until she could not see to read, though she could get about with- 
ad an out difficulty. Her chief complaint is that she has to look sideways to see objects. She 
s. then is not conscious of being nightblind. The fundi show heavy mottling centrally with 
some exposure of the underlying choroidal vessels, more marked in the left. The 

1} leaiele choroidal pattern is also seen towards the periphery and there is some pigment 
) disturbance (Fig. 5). 

years, 

diffuse Figs 5-12. Generalized choroidal sclerosis. Range of appearances in collateral branches 
a over two generations in the family shown in Pedigree Chart II. 
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picture Case 6, Miss E. C—e, aged 60 (II, 6), a cousin of Case 5. This patient was first 

is pig- seen in 1933 at the age of 43, and is reported as Case 1 in the earlier study (Sorsby, 

itherto 1940). Her vision has been defective since childhood and by the time she was about 
25 she could no longer see to read. She was certifiably blind in 1933. There was 

hati a doubtful history of nightblindness earlier. The fundi showed heavy central 

~eawel mottling with exposure of the choroidal pattern throughout (Fig. 6, overleaf). By 
1950 the sight had so deteriorated that she had difficulty in getting about and the 


fundi now showed considerable atrophy in the central area with exposure of the 
y early choroidal vessels (Fig. 65) and pigmentation of the retinitis pigmentosa type 
towards the equator. Neither discs nor vessels suggested retinitis pigmentosa. When 
range she was re-examined in 1954 at the age of 64, the bone corpuscle pigmentation had 
increased considerably at the periphery without very much .change in the central 


ee area. The arteries were now attenuated. 
entral Case 7, Miss H. C—e, aged 57 (II, 7), a sister of Case 6. When first seen in 1933 


icture she was aged 39, and the history and subjective symptoms were similar to those of 
her sister, but the lesion was more advanced and more irregularly distributed. There 
was the same heavy mottling centrally and exposure of the choroidal vessels through- 
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out (Fig. 7a). When she was re-examined in 1950, both discs were atrophic and the 
retinal vessels distinctly narrow. The most striking change was the conversion 
of the central area into a mass of sclerosed choroidal vessels (Fig. 74);.4 years later 
the central choroidal sclerosis carried heavy pigmentary reaction, and much bone 
corpuscle formation present towards the periphery. 
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Case 8, Edward C—e, aged 54 (II, 9), brother of Cases 6 and 7. When seen in 
1937 at the age of 41 he was doing sighted work, though with difficulty, as his vision 
had been failing for some years. The fundi showed heavy central mottling, not so 
marked as in his sisters. When he was re-examined in 1950 at the age of 54, he 
showed exposure of the choroidal pattern both centrally and peripherally, with con- 
siderable bone corpuscle formation at the equator (Fig. 8, overleaf). Neither disc, 
nor retinal arteries, fitted into the diagnosis of retinitis pigmentosa, nor was there 


any definite history of nightblindness, though he was finding it more difficult to get 
’ 
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Fic. 8.—Case 8, Edward C., 
aged 54 (II, 9). Exposure of 


choroidal pattern centrally and 
peripherally with considerable 


bone corpuscle formation at 
equator; 4 years later central 


choroidal sclerosis more marked 
and retinitis pigmentosa reaction 
unchanged. 


about at night than during the day; 4 years later the central choroidal sclerosis was 
more marked and the retinitis pigmentosa reaction unchanged. 


Case 9, Mrs. Sarah C—n, aged 51 (II, 10), the youngest sister of Cases 6-8. When 
first seen at the age of 39 at the time of the original report (when her two sisters and 
her brother were known to be affected, and her two children were regarded as affected, 
though still possessed of good central vision), she was passed as normal. She gave 
at the time an indefinite history of some difficulty at night during the 1914-18 war, 
but regarded herself as a normally sighted person. Since then her sight has deteri- 
orated, particularly in recent years, and she is now certifiably blind. Fig. 9 shows 
the fundus appearance in the right eye in 1950 at the age of 51; the left eye was 


Fic. 9.—Case 9, Mrs. Sarah 
C-n, aged 51 (II, 10), mother of 
children affected early in life 
shown in Figs 1i and 12. She 
herself was normal at the age 
of 39 and possibly later. The 
fundi now show extensive cen- 
tral lesions of the atrophic- 
exudative type. 
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substantially similar. Both showed an extensive central lesion of the atrophic- 
exudative type; 4 years later the lesion had become more accentuated without any 


marked differences in appearance except for the presence of a small retinal haemor- 
thage near the disc in the right eye. . 


Case 10, Mrs. Muriel G., aged 30 (III, 4), a daughter of Case 5. The fundi show a 
picture not dissimilar to that originally seen in her mother’s cousin (Fig. 6a). There 


is exposure of the choroidal vessels with scattering of pigment centrally. 

Case 11, Edward R., aged 30 (III, 10), son of Il, 4. His visual acuity was right 6/9, 
left 6/12. He served as a navigator in the R.A.F. from 1940 to 1946, and is not 
conscious of any trouble, but the fundi (Fig. 10) show evidence of a central distur- 
bance. Towards the periphery there are some atrophic and pigmented patches. 


Fic. 10.—Case 11, Edward R., 
aged 30 (III, 10). Central 
areas mottled, vision still al- 
most full. 


Case 12, Joseph C—e, aged 23 (III, 14), son of Case 8. This patient is not 
conscious of any trouble by day or night, and his visual acuity is 6/6, but the fundi 
show both localized exposure of the choroidal vessels centrally and considerable 
retinal reaction in the form of slight scattered pigment and more extensive white 
dot formation, being not dissimilar to the appearances seen in Case 13 (Fig. 11a). 


Case 13, Bernard C—n, aged 30 (III, 16), son of Case 9, was first seen in 1933 at 
the age of 8, when a doubtful central lesion was present; 5 years later, though vision 
was still full, the existence of a central lesion was no longer in question (Fig. 1la, 
overleaf), 12 years later, at the age of 25, the vision was still unaffected, but the 
lesion had obviously progressed (Fig. 115, overleaf). He is not conscious of any 
trouble by day or night. 


Case 14, Betty C—n, aged 29 (III, 17), daughter of Case9. At the age of 7, in 1933, 
she showed an ill-defined central lesion like her brother; 5 years later the lesion was 
better established (Fig. 12a, overleaf). In 1950, at the age of 24, there was consider- 
able extension of the lesion (Fig. 126, overleaf), though vision was still full and she 
was not conscious of any trouble by day or night. A dark-adaptation curve showed 
normal rod and cone reaction; 4 years later there was only a slight deterioration 
in the fundus appearance without any visual disturbances. 

It is possible that II, 15 is yet a further case, for indefinite central lesions are shown 
by this man aged 45. 
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Reconstructing these findings, the sequence of events is somewhat as follows: 


(1) Mottling in the central areas sometimes occurring in early childhood, but 
occasionally as late as the middle thirties. 

(2) An extensive central reaction suggestive of an inflammatory reaction, but 
showing marked symmetry as between, the two eyes. At this stage—generally 
seen in the twenties and thirties—there is no obvious choroidal sclerosis. 

(3) This central reaction develops into a picture of choroidal sclerosis centrally 
with exposure of the choroidal pattern peripherally. Subsequently there is 
atrophy of the whole of the central area exposing the underlying sclerotic. 

(4) Bone corpuscle pigment reaction at the equator or towards the periphery 
was a feature in several cases and was particularly prominent in one case during 
the course of the disturbance, but it is clear from the subsequent course that this 
was merely part of a spreading generalized choroidal sclerosis. 

(5) Nightblindness is not a feature of the disturbance. 


The course was more severe in the C-e family than in the Cl. family. 
Di ‘ 

(1) OPHTHALMOSCOPIC CouRSE.—Judging by these two families the 
earliest ophthalmoscopic signs of generalized choroidal sclerosis are non- 
pathognomonic central lesions—mottling or possibly oedema which goes on 
to the formation of an atrophic area with exposure of the choroidal vessels. 
Subsequently these vessels become converted into white streaks which extend 
towards the disc, so that the picture is now one of central and peripapillary 
choroidal sclerosis, flanked by an exposed choroidal pattern throughout. 
Further extension leads to the stage of generalized choroidal sclerosis. In 


some cases pigment reactions of the bone corpuscle type, generally at the 
equator, develop while the sclerosis is becoming generalized. 


Case 15.—Bearing on the terminal stages of the affection, Fig. 13 (opposite), is 
relevant. Fig. 13 (a) represents generalized choroidal sclerosis and generalized 
darkening of the fundus background in a man at the age of 59; an account of the 
affection as seen in him and in his sister has been given elsewhere (Sorsby, 1939; 
Fig. 13a is Fig. 17 of the earlier publication). Fig. 13(6) shows the same fundus 16 
years later at the age of 75. Where previously the choroidal vessels were merely 
exposed at the periphery, they are now converted. into white streaks. The irregular 
pigmentation throughout the fundus has become rather more marked as has the 
narrowing of the retinal vessels. The most striking change, however, is the ab- 
sorption of most of the choroidal vessels, which previously had already become 
converted into white streaks. There is now an extensive sector defect of choroidal 
atrophy. Presumably, if the patient were to live long enough, the whole of the 
choroid would become absorbed, giving a picture very similar to choroideremia, 
which is, of course, a totally different affection, both pathologically and genetically. 


Reconstructing the course of generalized choroidal sclerosis on the basis 
of these three family groups, it would seem that non-pathognomonic macular 
oedema or mottling may be the starting point of a process that ends in 
almost total absorption of the choroid. 


(2) SympToms.—It seems likely that the onset and course varies with dif- 
ferent families. In the first family the affection began late and ran a mild 
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(a) Appearances at age 59. This 
illustration was published in 
1939 when generalized choroidal 
sclerosis in this man and his 
sister was recorded. 

There is generalized darkening 
of the fundus, exposure of the 
choroidal pattern throughout 
and choroidal sclerosis around 
the disc with pigment changes 
reminiscent of bone corpuscle 
formation. There is also some 
narrowing of the retinal vessels. 


(b) Appearances at ag> 75. The 
choroidal vessels are now con- 
verted into white streaks through- 
out the fundus, with almost 
total atrophy down and out. 
The retinal vessels are narrower 
and the pigmentation no longer 
characteristic. y 


Fic. 13.—Case 15, Generalized choroidal sclerosis; appearances in a man at 59 

years of age and 16 years later. 
course; in the second there was considerable variation between different 
members of the family, some of whom were severely affected in their twenties. 
In both families there was little evidence that nightblindness was a feature 
of the condition. 


(3) MODE OF INHERITANCE.—The occurrence of the affection over two 
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generations in the two families (in one of which a collateral branch was also 
affected), and the absence of consanguineous marriages, suggest dominant 
inheritance. The fact that all the affected members of the first family 
were women must be accepted as incidental in a family in which women 
predominated. 


] 
(4) DIFFERENTIAL DIAGNOSIS 


(i) From Dominant Macular Dystrophy.—During the early stages the 
central fundus lesion simulates macular dystrophy. Only with the course of 
the affection—the appearance of sclerosed choroidal vessels—does the 
ophthalmoscopic picture become characteristic. Before then correct diag- 
nosis is possible only by family—and not individual—diagnosis. 

(ii) From Retinitis Pigmentosa.—Neither the early nor the late stages of 
choroidal sclerosis are likely to be mistaken for retinitis pigmentosa. 
Various intermediate stages—those showing exposed sclerosed vessels 
throughout the fundus especially when bone corpuscle pigment reaction is 
present—traise that possibility. Three features should help in differentiation: 

(a) Generalized choroidal sclerosis will always show heavy central involve- 
ment—the central lesion being more marked than the peripheral disturbance— 

a sharp contrast to retinitis pigmentosa. It is further possible that.a diffuse 

darkening of the fundus background is a fairly common aspect of the earlier 

stages of generalized choroidal sclerosis. 
(b) The mode of inheritance is likely to be dominant in choroidal sclerosis 
against the commonly recessive inheritance of retinitis pigmentosa. 


(c) Night blindness is absent. 


(iii) From Generalized Fundus Dystrophy.—The early stages when there 
is a central oedematous-haemorrhagic reaction are probably indistinguish- 
able from generalized fundus dystrophy recorded elsewhere (Sorsby and 
Mason, 1949). The characteristic onset at about the age of 40 and the clear 
dominant history should help. Exposure of the choroidal vessels centrally 
may occur, but there is no substantial extension towards the periphery. 
The end-stage is far less disastrous. It should, however, be noted that the 
ophthalmoscopic appearances in the family reported by Burn (1950) are not 
dissimilar from those seen in some of the members in the second family 
recorded here. Whether the two affections are related requires further 
elucidation. Y 


(iv) From Choroideremia.—In this condition the choroidal vessels 
become exposed before becoming absorbed; conversion into white streaks 
is not a significant feature. 


Summary 


Two families are recorded. In the first the proband is a case of generalized 
choroidal sclerosis, and less marked changes are given in three more patients 
over two generations. In this family generalized choroidal sclerosis appears 
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to begin around the sixth decade, and is generally only slowly progressive. 
In the early stages there is a non-pathognomonic macular lesion. Sub- 
sequently there is exposure of the choroidal vessels, which later become 
converted into white streaks, this process, extending from around the disc 
so that central and peripapillary choroidal sclerosis is seen. Later still, 
extension towards the periphery sets in. Generalized darkening of the 
fundus background is perhaps a frequent feature. 

In the second family (in part reported previously as cases of macular 
dystrophy), ten cases are recorded in two generations and in a collateral 
branch. Here, non-pathognomonic central fundus lesions appeared in 
childhood and ran a relatively mild course. Serious trouble in this family 
generally began in the thirties, but was observed both earlier and later. 
Ophthalmoscopically, the range of appearances extended from these non- 
pathognomonic central reactions to central choroidal sclerosis spreading 
towards the periphery, in some cases associated with bone corpuscle pigment 
reaction at the equator. 

A follow-up of a member of a previously reported family group shows 
that after the conversion of the choroidal vessels into white streaks there is 
absorption of these sclerosed vessels, so that the white surface of the sclera 
becomes exposed. 

On the basis of these three family groups the events in generalized choroidal 
sclerosis probably follow this sequence: 


(a) Mottling of the central areas, reminiscent of macular dystrophy; 

(b) Extensive central reaction—oedematous, atrophic, or pigmentary 
proliferation—suggestive of the intermediate stages of generalized fundus 
dystrophy or of inflammation; 

(c) Exposure of the choroidal vessels in the central areas with conversion 
into white streaks—the beginning of a pathognomonic appearance; 

(d) Central lesion spreading towards the periphery so that the whole of the 
fundus shows generalized choroidal sclerosis with its characteristic appear- 
ance; 

(e) Absorption of the exposed sclerosed choroidal vessels, giving an ap- 
pearance reminiscent of choroideremia. 

In the course of the affection pigment proliferation of the bone corpuscle 
type may be a prominent feature in some cases. Generalized choroidal 
sclerosis at different stages may therefore be mistaken for macular dystrophy, 
generalized fundus dystrophy, central choroiditis, central choroidal sclerosis, 
choroideremia, and “‘ atypical ”’ retinitis pigmentosa. 

The findings in the present study suggest that the affection is inherited in 
a dominant manner. 

t Our thanks are due to Dr. M. Klein for kindly putting at our disposal the notes that he had 


made on the first family in 1950, and to Dr. H. B. Dawson of Derby for information on a member 
of the second family. 
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APPENDIX 
Ci. Famity.—Additional information to that shown in Pedigree Chart I: 


Generation I 
(1) Mrs. A. W., aged 78, Case 2 in text, one son. 
(2) Mrs. G. C., aged 71, Proband, Case 1 in text, one daughter and one son. 
(3) C. Cl., dead, no children. : 
(4) W. Cl., aged 68, was a bus driver, now retired, one son. 
(5) Mrs. G. T., aged 67, Case 3 in text, one daughter and two sons. 
(6) Mrs. M. V., aged 67, two children. 
(7) S. Cl., died abroad, nothing known of any eye trouble \No childsen 
(8) Mrs. O. S., lives in Australia; reputed to have normal sight 3 


Generation IT 
(1) V. W., aged 50, a myope of some 20 D; some nystagmus; lenses cloudy. Son of 
I, 1; no children. f 
@ 4.2 53, Case 4 in text Soni dren of I, 2. 
(4) A. Cl. Son of I, 4. 


) 

(6) W. T., aged 30 : awe of I, 5. 

OES 
led young, sex nown J 

(9) Mrs. Ivy L., aged 45 }- Children of I, 6. 


Generation IIT 


(1) Mrs. J. R., aged 30 
(2) Peter Wa., aged 27 
(3) John Wa., aged 18 Children of II, 2. 
(4) Nita Wa., aged 16 
(5) Roger Wa., aged 15 
(6) Linda Co., aged 6. aughter of II, 5. 
(7) Allen T., aged 8. Son of Il, 6. 
8) Susan T., aged 6 : 
(3 fo ae aged 4 bchitdren of II, 7. 
(10) Robert L. 
(11) Julia L. Children of II, 9. 
(12) SallyL. 5 


Generation IV (1) R. R., aged 9. Son of III, 1. 
C—e Famuy.—Additional information to that shown in Pedigree Chart Il: 


Generation [ 

(1) Mrs. S. M., died aged 75; according to her daughter (II, 2), she acquired the habit 
of looking sideways at things in order to see them more clearly. She used to wear dark 
spectacles. Two sons and three daughters. 

(2) William C-e, had bad sight all his life, according to his daughters; he was not badly 
affected until late in life. Three daughters and two sons, f wee 
(3) Mrs. E. W. (Previously Mrs. R), died at 59, used to “look sideways at things 
(according to II, 2); she died when her son (II, 15) was 17 and he could not remember her 

having trouble. Four sons and one daughter. 

(4) Mrs. L. W., reputed normal. Two daughters and three sons. 

(5) Rebecca C-e, reputed normal, died during 1939-45 war, when over 70. No children. 

(6) Mrs. R. S., reputed normal. Two daughters. 


Generation IT 

(1) W. M., died young, reputed normal 

(2) Mrs. S. E., aged 62, Case } in text 

@) Mrs. A. W., died aged 36 from nephritis, reputed normal 

(4) Mrs. R. R., died aged 37 of “cancer of chest”, was reputed Children of I. 1 
to have bad sight which started in her twenties. She looked to the side Is 
of objects in order to see them and took to wearing dark glasses. 
According to her husband “ she was troubled by sunlight ” 

(5) F. M., killed at the age of 20 in first world war 
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(6) Miss E. C-e, aged 60 in 1950, Case 2 in text 
(7) Harriet C-e, aged 57 (in 1950), Case 3 in text 
(8) Joseph C-e, examined in 1933 and foynd normal ->Children of I, 2. 
(9) Edward C-e, aged 54, Case 4 in text 
(10) Mrs. Sarah C-n, aged 51, Case 5 in text 
(11) Alfred R., ba at 32 in the 1914-18 war a 
(12) Gertie R., died at 29 
(13) Sidney R, died at 33 
(14) Ernest R. died at 27 of rheumatic fever in 1918 
(15) avg ee aged Je Braye = nay, 1951. Pegoeas, a 
patient ving difficulty with reading blue prints in poor light. : 
Ophthalmoscopic examination showed the areas between the upper > Children of I, 3. 
and lower temporal arteries to be darkened by broken pigment; just 
temporal to the maculae there were several discrete white glistening 
spots; the vessels were normal but the discs were pale. The patient was 
not conscious of being night blind, but he was unable to do the { 
Ishihara test. 
(16) Miss Susan W., nothing known 
(17) Miss Mary Ann W., nothing known Children of I, 4. 
(18-20), deceased. 
(21) Miss Irene S., aged 43. Visual acuity: right 2/60, 6/6 with cor- 
rection; left, 4/60, 6/6 with glasses. Central fields normal. Doubtful Daughters of I. 6 





loss of lustre in central areas. 
(22) Mrs. L. P., aged 41 


Generation III 


a. Pi ggetee: McK., aged 40 \ Children of I, 1. 
) a ie iy Ca ‘ged 4 oh 7 
(4) rs. urie a in text . 
(5) Mrs. Joyce C-k, aged 28 Colidene: of H,2. 
(6 Belly fies aged 26 ee 
rs. arjory o> &@ . 
(8) Stanley W., (SM) Children of I, 3. 
(9) ai ae T. R., aged 32, normal except for traumatic corneal 
scar in le ‘ 
(10) Edward R., aged 30, Case 8 intext Children of II, 4. 
(11) Joseph R. ‘aged 
(12) See ri p “child in 1933. Son of II, 8. 
1 
{14) Joseph Cre, Case 9 in text Children of II, 9. 
(15) — C-e, nothing known. 
(16) Bernard C-n, aged 25, Case 10 in text }Children of II, 10. 
(17) Betty C-n, aged 24, Case 11 in text 
(18-25) Nothing known, Children of IT, 11, 13, and 14. 
(26) Brenda W., aged 16, Twin brother died at birth. a 
Nothing abnormal seen. \ chide of If, 15. 
(2T) Male deceased : : 
(28) Barry P., aged 15, fundi normal, heightened macular reflexes } Children of II. 22 
(29) Trevor P., aged 8, fundi normal, heightened macular reflexes M Of HI, 22. 


Generation IV 


(1) Margaret McK., aged 4 : 
(3) Gillian M., aged 1. Daughter of IIT, 2. 
(4) Roger, C-k, aged 11, at a home for backward 
children at Bristol. “ ti op at birth ” \ citar of III, 3. 
(S) Olivia C-k, aged 
(6) Joan C-k, aged 4 
(7) Russell G., aged 3. Son-of III, 4. 
(9) ln Bg 5 Son of Ti, 8. 
nt 
(9) Chronic > fe Re children of III, 10. 
— R., aged : 
(12) — Ro awed 2 jChildren of MH, 11. 
(13) Nothing known, son of ITT, 13. 


4 
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OCULAR CHANGES IN THE BLOCH-SULZBERGER 
SYNDROME (INCONTINENTIA PIGMENTY)* 


BY 


J. GRAHAM SCOTT, A. I. FRIEDMANN, M. CHITTERS, 
AND W. J. PEPLER 


Johannesburg 


THE Bloch-Sulzberger syndrome is a familial condition consisting chiefly of 
ectodermal defects, of which changes in the skin, nails, hair, teeth, central 
nervous system, and eyes are the most common. The final dermal phase 
“‘incontinentia pigmenti” has received the most attention. This disease 
can be described as a rare and peculiar abnormality of development found 
almost exclusively in females at birth or shortly afterwards; it usually 
begins as an inflammatory eruption of the skin tending to assume a linear or 
racemose pattern. This phase is succeeded or accompanied by the charac- 
teristic pigmentary disturbance (Fig. 1), which may, however, occur without 
the preceding inflammation. 





Fic. 1.—Characteristic appearance of “‘ incontinentia pigmenti ”’. 


Review of the Literature 


The first reference that we can find in the literature is that of Garrod (1906), 
who mentions “ peculiar pigmentation of the skin in an infant”. Similar cases 
were presented by Adamson (1907a, b), and the name “ incontinentia pigmenti ” 
was given by Bloch (1926). Sulzberger (1928) followed up Bloch’s case, and 10 
years later Sulzberger and others (1938) suggested that “incontinentia pigmenti” 
was part of a syndrome of other familial ectodermal defects. 

On clinical and genetic grounds Franceschetti and Jadassohn (1954) differentiated 
two groups: “ Bloch-Sulzberger ” and “ Naegeli”. In a thorough review of the 


* Received for publication November 27, 1954. 
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literature they collected 73 cases of the Bloch-Sulzberger type to which the follow- 
ing eighteen may beadded : the case of Garrod (1906); the case of Ormerod presented 
by Adamson (1907b); the case of Wilson (1941) which later developed pigmentation 
(Epstein and others, 1952); an unpublished case of Loewenthal seen by one of 
us (J.G.S.); seven cases recently published by Brunsting and Eyster (1952), Fisher 
and Dexter (1953), Joaquin Pedrera (1953), Falk and Hetreed (1953), Cormie 
(1953), Murray-Will (1954), and Lewis (1954); and seven new cases from the 
Japanese literature reviewed by Kitamura and others (1954). This brings the total 
to 91. Only one of these patients was born prematurely (Franklin, 1952) and only 
one case occurred without doubt in a male (Moncorps-Seidimayer, 1942)t, though 
four others have been recorded (Almkvist, 1928; Sobel, 1948; Cormie, 1953; 
Lewis, 1954). We have not included the cases of Asboe-Hansen (1953) and 


Sachs (1954) as they were not diagnosed as “ incontinentia pigmenti”. Dr. 
Buchholz writes to us that there is some doubt about the diagnosis of his case 


(Buchholz, 1950), but we have accepted it pending confirmation. 


Ocular Malformations.—Excluding the reports of blue sclerae by Sulzberger and 
Bloom (1948) and Haber (1952) and of myopia by Loveman and others (1952) 
and Rein and Weidman (1952), we find that 23 of the 91 reported cases had 


ocular defects. 

One nystagmus (Haber, 1952). 

Five strabismus (Lechleutner-Siemens, 1929; Pierini and others, 1945; Heilesen, 
1948; Carney, 1951; Higuchiand others, 1952). 

Five cataract (Sulzberger, 1938; Jaramillo and others, 1948; Curth, 1949, 
Gasteiger, 1951; and Ito 1951). 

Four atrophy of the optic nerve (Moncorps-Seidlmayer, 1942; Seidlmayer-Hdra, 
1943; Gerard-Lapiére, 1951; and Carney, 1951). 

One suspected papillitis (Kiihling, 1949). 

The remaining seven can be grouped together as having “ a mass in the orbit ”. 

One metastatic ophthalmia (Kawamura, 1954). 

Three retrolental fibroplasia (Uebel, 1950; Findlay, 1952; Watanabe, 1954). 

Three pseudo-glioma (Bloch-Sulzberger-Franceschetti and Jadassohn, 1954; 
Haxthausen, 1945; Duke University, 1948). 

Some of the patients had more than one ocular abnormality, but only the 
principal one is listed. Ocular malformations in relatives of the respective cases 
have been reported by Sulzberger (1938), Duke University (1948), Franklin (1952), 
and Findlay (1952). Four eyes were examined histologically (Bloch-Sulzberger, 
1928, Haxthausen, 1945; Duke University, 1948; Watanabe, 1954), but the only 
report available is that of Prof. Haxthausen, which is very similar to our 


own case. 
Case Report 

A baby girl was born normally in October, 1950, when she weighed 7 lb. Her mother 
had had two attacks of influenza during the pregnancy and slight uterine haemorrhages 
in the last 2 months. It was noticed at birth that the left eye was “‘ not normal”. From 
7 to 10 days after birth the patient had convulsions affecting all limbs. At the same time 
a macular eruption appeared on the arms and legs. The lesions became vesicular and 
dried up in 2 weeks forming crusts which disappeared later. In a few days these skin 
changes recurred and kept on recurring. After a few months verrucous lesions also 


+ When a case has been followed up by another worker, the names are hyphenated and the later reference given. 
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developed on the limbs and pigment began to be deposited all over the body in lines and 
whorls. This cycle of changes continued until she was 2 years old, when the pigment 
began to fade. 

At five months the patient was admitted to hospital with neck rigidity, arching of the 
spine, and a temperature of 103°F. The cerebrospinal fluid was under pressure but was 
sterile and had only 1 lymphocyte per c.mm. The right eye became red and a specialist 
diagnosed an intraocular abscess of the left eye and suspected that similar changes were 
developing in the right eye because the vitreous was hazy and there was retinal oedema 
on the nasal side of the disc. After a month the condition of the left eye was unaltered 
and the changes in the right eye less marked. The infant again developed a temperature 
which was diagnosed as mastoid infection, but no pus was found at operation and she 
was transferred to the Transvaal Memorial Hospital for Sick Children where the following 
points were noticed: 

(1) the patient was ill-nourished, rather small for her 8 months. 

(2) She did not hold up her head, turn herself over in bed, or sit up. 

(3) She had difficulty in recognizing her parents by sight although she had been able 
to do this previously. 

(4) Heart, lungs, and abdomen were normal, except that the right side of the chest was 
more developed than the left. Circumference of the head was 164 in. Reflexes were 
normal except the pupillary ones. 

(5) The right pupil was dilated and fixed. The vitreous was hazy but there was no 
obvious mass. The right disc was pale and both eyes had nystagmoid movements. The 
left eye had endophthalmitis and was shrinking. 

(6) The skin had linear brown-blue pigmentation affecting all areas and there were 

_ crusty, hyperkeratotic irregular masses on the extremities. 

(7) Blood tests for syphilis were negative. The blood count showed 3,920,000 
erythrocytes with some anisocytosis: 16,700 whites: 37 per cent. neutrophiles, 4 per cent. 
monocytes, 57 per cent. lymphocytes, 1 per cent. eosinophils, 1 per cent. basophils. The 
sedimentation rate was 22 mm./hr. The urine contained neither porphyrin nor 
other abnormalities. 

At the age of 1 year the eyes were examined by two of us. Searching nystagmoid 
movements were present. The right eye had a dilated pupil, oval in shape due to posterior 
synechiae. There were no keratic precipitates and the vitreous was clear. Under a 
general anaesthetic a grey-yellow smooth mass was seen in the posterior half of the right 
globe. There was a red reflex around this mass in the periphery but no retinal details 
could be seen. The left eye had phthisis bulbi and both eyes were white. The mass was 
thought to be a metastatic endophthalmitis and our opinion was confirmed by Dr. A. 
Jokl. A few months later the patient was re-admitted to the Childrens’ Hospital for a 
course of antibiotics. The patient was then 18 months of age and, though unable to sit, 
‘she could hold up her head and was beginning to talk. The skin presented greyish-brown, 
linear pigmented lesions following the distribution of the system of Blaschko (1902) of 
naevus lines. These hyperpigmented areas had marked resemblance to the pattern of 
marble in many regions. An erythematous, scaly, and hyperpigmented lesion resembling 
a naevus unius lateris (Fig. 2, opposite) extended from the right buttock in an uninter- 
rupted line down the posterior aspect of the thigh and turned anteriorly over the knee 
and leg towards the big toe. Thickened horny lesions were present on the second and 
third toes, and the dorsum of the right foot, also on the dorsum of the third and fifth 
fingers and the medial aspect of the right hand. Atrophic scars were evident on the right 
side of the nose, right arm, and left forearm. There was a nummular eczematous patch 
on the left side of the back. The hair and nails were normal. The only change in the 
condition of the eyes was that the mass in the right eye was larger and could be directly 
seen behind the lens. The peripheral rim of red reflex had disappeared. Only three 
teeth had erupted; two upper and one lower central incisor. An xray taken 6 months 
later showed that many deciduous and permanent teeth were absent (Fig. 3, opposite). 
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Fic. 3.—Incomplete dentition, x ray at 2 years of age. 


Agglutination tests for typhoid and proteus 

groups were negative. Blood cultures were 

Fic. 2.—Lesion resembling naevus unius lateris. sterile after 4 days. The urine contained 

no pus cells and was sterile. The blood 

count and sedimentation rate were unchanged. The cerebrospinal fluid had 3 poly- 

morphs per c.mm: protein 20 mg. per cent.; chlorides 810 mg. per cent.; sugar 90 mg. 

per cent.; urea 40 mg. per cent. Tests for cerebral syphilis were negative and Lange’s 

colloidal gold test was normal. Culture from infected skin lesions on the right leg grew 

Staphylococcus aureus which was sensitive to penicillin. The patient was given 100,000 

units penicillin and 100 mg. terramycin 6-hrly for one week. Neither the skin nor the 

eyes improved, and the patient ran a temperature of 104°F., although she did not 
appear ill and had no symptoms. 

In view of the growth of the ocular mass and the lack of response to antibiotics, 
enucleation of the right eye was advised. The eye and biopsies of the skin were examined 
histologically, confirming the diagnosis of incontinentia pigmenti. A course of 5 mg. 
ACTH was given 8-hrly for 10 days, but this did not influence the skin lesions and once 
again the temperature rose to 104°F. for which no cause could be established. 

At the age of 3 the patient had further epileptic fits and her development was slow. 
She was able to crawl and sit by herself and she had six teeth. By 3 years and 8 months 
she was able to walk and the pigmented lesions were fading. 


Pathological Report : 

Eye.—On section, the most striking feature was a completely detached, funnel-shaped, folded, 
and thickened retina which showed a slight patchy infiltration by lymphocytes (Fig. 4, overleaf). 
On the medial side only, the detachment involved the pars plana of the ciliary body. Lying between 
the lens and the detached retina was a thick fibrovascular membrane which was attached to the pars 
plana retinae on each side. The space behind the retina contained albuminous fluid in which 
numerous detached retinal pigment epithelial cells (ghost cells) and fatty acid crystals could be 
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Fic.4.—Fun- 
nel-shaped 
detachment 
of the retina 
inaffected eye 
(section x4). 


seen. The cornea, the anterior chamber, and the lens, although slightly distorted by sectioning, 
appeared healthy. The iris showed a large posterior synechia, but no pathological change could 
be observed in the stroma. There was some oedema and slight infiltration by lymphocytes and 
an occasional polymorphonuclear leucocyte towards the cut end of the optic nerve. 
Skin.—Biopsy specimens were taken from both verrucous and pigmented lesions. 
Section of the verrucous lesion (Fig. 5) showed the presence of hyperkeratosis, papillomatosis, 
and atrophy of the stratum germinativum. There was a peculiar vacuolation of the cells in the 


Fic. 5.—Sec- 
tion of verru- 
cous lesion 
(x70). 


upper layers of the rete malphigi and the horny layer, giving the latter a basket-weave appearance. 
The nuclei in these vacuolated cells were pyknotic. The upper corium showed a slight perivascular 
lymphocytic infiltration and also increased melanin pigment either lying free or contained in 
chromatophores. 
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In the section taken from the pigmented lesion (Fig. 6), the most conspicuous feature was the 
presence of an increased amount of melanin pigment in the upper corium. Part of the pigment 
was present in the chromatophores and the remainder was lying free between the collagen fibres. 
A slight chronic inflammatory cell infiltration was also present around the vessels of the upper 
corium. The epidermis was slightly atrophic and contained a large number of clear cells with 
pyknotic nuclei. There was a complete absence of melanin pigment in the basal layer. 


Fic. 6.—Sec- 
tion of pig- 
mented lesion 
( x 250), 
showing nu- 
merous chro- 
matophores. 





Family History.—Our notes are not yet full enough to throw further light on the mode of 
inheritance of the Bloch-Sulzberger syndrome. We have been told that many members, 
have large pigmented birth marks; that one cousin of the patient’s mother was born blind, 
was unable to walk, had fits, and died at 8 years; and that another cousin’s daughter was 
born blind, deaf, and dumb. The maternal grandmother had a posterior polar catar- 
act, and the syndrome has been found in a first cousin by Dr. J. A. Loewenthal. 


Discussion 

The most striking ocular malformation in our case and in seven reported 
cases was “a mass in the orbit”. In some cases this presented clinically 
as a metastatic endophthalmitis, in:others as pseudo-glioma, and in the 
remainder as “‘retrolental fibroplasia’’. Some pathological reports are 
also compatible with the diagnosis of “ retrolental fibroplasia”’, but it 
would be unfortunate if this led to confusion with the entity induced by 
hyperoxia in premature babies. We agree with Ashton (1954) that a 
revision of nomenclature is required when the problem is better understood. 

The wide range of defects found in the syndrome may possibly be explained 
by postulating lesions similar to the hereditary myelocephalic blebs which 
arise between the embryonic ectoderm and mesoderm in the Little and Bagg 
mouse strain (Griineberg, 1947) and affect tissues only at a critical stage of 
development. 
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Summary 
(1) A new case of the Bloch-Sulzberger familial syndrome is presented, 
with a review of 91 cases in the literature. 
(2) Ocular defects such as squint, cataract, or pseudo-glioma have been 
found in 24 of 92 cases and sometimes in their relatives. 
(3) Clinical and pathological studies were made of an affected eye. 


We wish to thank Dr. A. E. Strawbaun for conducting the hospital investigations and we are 
greatly indebted to Professor Franceschetti for his help with the literature. 
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PRELIMINARY REPORT ON THE USE OF CONTRAST 
MEDIA IN ORBITAL RADIOGRAPHY* 


BY 


J. W. COWIE anp J. S. GROVES 
Departments of Radiology and Ophthalmology, Leeds General Infirmary 


THE use of contrast media in the orbit dates from 1927, when Staunig and 
Herrenschwand injected air into the episcleral space, and since that time 
various media have been used. 

The ideal medium should provide good contrast in small quantities, be 
non-irritant, and have suitable qualities of permeation and absorption. The 
following media will be considered: 

(1) Air or other gas, 
(2) Oily media, 
(3) Water-soluble media, of which it is known that the least irritant is diodone. 

(1) Air has the disadvantages of providing poor contrast when used in small 
quantity, and since relatively large volumes have to be employed (6 to 15 ml.) it 
causes exophthalmos, discomfort to the patient, and, at times, surgical emphysema 
of the lids. The rate of absorption is slow (5 to 7 days, Friedman, 1947), but 
de Abreu (1952) claims that it’can be reaspirated. A more rapid reabsorption 
would be obtained by the use of oxygen (Scheie and Hodes, 1946). A gaseous 
medium has the theoretical advantage that it could be used to localize a foreign 
body of poor opacity. The literature (Gasteiger and Grauer, 1929; Spackman, 
1932; Last, 1938, Oribe, 1937; Peter and Rosen, 1945; Hughes and Cole, 1946; 
Friedman, 1947; Puglisi-Duranti, 1947; de Abreu, 1952) appears to record no 
serious sequelae. 


(2) Oily solutions (Speciale-Picciché, 1927; Sandera, 1930; Farberow and 
Medvedev, 1935) have the advantages of remaining localized and providing good 
contrast, but they do not permeate evenly and tend to form pools in the tissues. 
The resultant radiographs are unreliable and difficult to interpret. Absorption is 
very slow and the medium acts as a long-term irritant. 


(3) Of the water-soluble media, general radiological experience has shown 
diodone to be the most satisfactory, in that it provides good contrast with the 
minimum of tissue irritation. The compound permeates readily through the 
tissues and absorption is so rapid that dispersal and absorption of the medium is 
so advanced 10 minutes after injection that no useful radiographs can be taken. 
After one hour there is no radiological evidence of residual medium. Compounds 
of this type have been used by Katz and Ledoux (1935) to determine the length of 
the eye and by Pettinati (1953) to localize orbital foreign bodies. This medium 
has also been used by Manchester (1953). 


The threefold aim of the present investigation has been to discover: 


(1) Radiographic appearances after injection of tissue planes in the normal 
orbit. 





*Received for publication September 30, 1954. 
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(2) Tolerance of orbital tissues to diodone. 
(3) Possibility of applying these normals to the problems presented by the 


localization of foreign bodies and tumours. 


We desire to present a technique using the simplest of apparatus and, 
with an x-ray machine of low capacity, such as the standard mobile unit, we 
can obtain consistent radiographs of reasonable quality. 


Method 


Injections of contrast medium were made separately into the various tissue 
spaces in the orbit in an attempt to establish the normal appearance. Cadavers 
were used, most of which had had the brain removed in the course of normal 
autopsy. In these cases a mobile unit was employed and the exposure was 75 KV. 
30 mA. at 30 in., 1-5 sec. in the lateral projection and 1-25 sec. in the postero- 
anterior projection in decerebrate cases, increasing to 4 to 5 sec. with the brain in 
situ. Grid cassettes or stationary grids were used:. Coned views did improve the 
definition, but they were not used routinely. The projections employed were the 
standard lateral, the occipito-mental, and that for the optic foramen. Diodone 
35 per cent. solution was the standard medium for the post-mortem studies. 

In the cadaver the episcleral space was difficult to fill completely with one 
injection, and amounts greater than 1-5 to 2 ml. tended to burst through Tenon’s 
capsule into the muscle cone. Previous authorities using air have employed larger 
injections (6 to 15 ml.) and must in our view have filled the muscle cone or “‘ central 
surgical space ” (Duke-Elder, 1952, 1954). It was not always easy to penetrate 


into the episcleral space and the most consistent results were obtained by inserting 
the needle some 8 mm. from 


the limbus through the exter- 
nal rectus muscle, which was 
lifted away from the globe 
by forceps. The point of the 
needle was kept in close con- 
tact with the eye until the 
required area was reached. 
A curved needle was not 
found to be _ necessary. 
Failure to reach the space 
results in an atypical muscle 
cone picture; but after an 
adequate injection the lateral 
view shows a crescentic opa- 
city whose posterior margin 
is clear and well defined. The 
anterior margin of the cres- 
cent shades off because part 
of the space is viewed not at 
a tangent but more or less 
at right angles (Fig. 1). ; 
In the postero-anterior 





Fic. 1.—Lateral projection of episcleral space. 
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view, the opacity forms all or part of a circle, according to whether complete 
filling is obtained or not. ; 

The musclecone or central surgical space(Duke-Elder, 1952, 1954) was satisfactor- 
ily demonstrated by injecting 4 ml., which produced a constant and easily recognized 
pattern, the injection being given as for a block of the ciliary ganglion. In the 
postero-anterior view, the opacity resembles an irregular four-leafed clover, and 
we believe that the extra-ocular muscles lie in the indentations between the leaves 


and give rise to these appear- 
ances by resisting the expan- 
sion of the contents of the 
cone while the inter-muscular 
fascia balloons (Fig. 2). 


In the lateral view, the 
term “‘muscle cone” des- 
cribes the appearance ade- 
quately and the quantities 
used give a cone with slightly 
concave sides. Quantities 
greater than 4 ml. are liable 
to rupture into the outer 
surgical space (Fig. 3) and 
obliterate that small space\, 
usually found between the 
cone and the bony orbit. 


Fic. 2.—Postero-anterior 
projection of inner surgical 
space. Some leakage to 
the outer surgical space is 
seen in the supero-medial 
quadrant. 


Fis. 3.—Lateral projection 
of inner surgical space. 
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The peripheral surgical space 
(Duke-Elder, 1952, 1954) can 
usefully be filled only in qua- 
drants, as more extensive filling 
would render interpretation of 
the radiographs impossible, the 
image of one quadrant confus- 
ing that of its neighbour. This 
space appears abnormally large 
as media injected into it readily 
compress the muscle cone (Fig. 4). 
No experience of this is available 
in the living patient. 

To complete*the radiographic 
picture of the orbit the position 
of the eye can be demonstrated 
by replacing the vitreous with 
diodone (Fig. 5). 

In order to assess the distor- 
tion caused by space-occupying 
lesions of known size, warm 
cocoa-butter, which rapidly solid- 
ifies in the cadaver was injected. 
By dissection it was confirmed 

a : that it assumed a relatively com- 
ioe sbiggeipbon ghiustias 0 quadrant of outer surgic| yact shape. Diodone solution 
was then injected into the fascial 
space occupied by the “tumour” 
or into the adjacent one. Under 
these artificial conditions, the 
best pictures were obtained by 
having the two materials in adja- 
cent compartments. Significant 
distortion has been noted with 
“tumours” as small in volume 
as 3 ml. 

In Fig. 6 (opposite) the 
“tumour” has been made more 
evident by mixing barium powder 
with the wax, and it is shown to 
displace and compress the cone. 

If the mass lies inside the cone, 
then an injection into this space 
shows it to be ballooned and of 
abnormal pattern (Fig. 7, over- 
leaf). 

General radiographic exper- 
ience has shown that diodone is 
the least toxic of the water- Fic. 5.—Replacement of vitreous with diodone. 
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soluble media. Assuming that 

the weaker the concentration 

the less the irritant effect on 

the tissues, we have attempted, 

by cadaver studies, to find the 

minimum concentration with 

which satisfactory radiographs 

can be obtained. A 17 per cent. 

solution appears to be the 

weakest useful concentration 

and this strength is obtained 

by mixing 35 per cent. diodone 

and 4 per cent. Novocain in 

equal quantities. If the route 

of injection lay through the 

conjunctiva, this was anaesthe- 

tized with gutt. cocaine 5 per 

cent. This concentration of 

diodone was first tested by in- 

jection into four patients 

who were awaiting enucleation. 

There was no complaint. of Fic. 6.—Opacified “tumour” displacing inner surgical 
pain at the time of injection, ‘P4e downward. 

but after one hour, a period 

‘consistent with the duration of action of the local anaesthetic, they suffered from 
a dull pain behind the eye lasting about 5 or 6 hours, which was readily controlled 
by mild analgesics. At operation, the tissues appeared normal and orbital implants 
were inserted and worked satisfactorily. From this evidence it was deemed safe 
to use the method in cases where a functioning eye was to be retained. In six cases 
where the medium has been employed, there has been no evidence of impaired 
vision or ocular motility following the injection. In one case where two injections, 
separated by an interval of 1 hour, were employed, the orbital tissues were found 
to be slightly congested when exposed at operation 24 hours later. Water- 
soluble contrast media injected into the episcleral space have been used by Katz 
and Ledoux (1935), Pettinati (1953), and others, to determine whether a foreign 
body is inside or outside the globe. This method is, obviously, of greatest value 
when the state of the ocular media is such as to preclude accurate ophthalmoscopic 
examination. In our patient, routine x-ray examination indicated a foreign body 
near the posterior pole; 2 ml. 17 per cent. solution of diodone in 2 per cent. 
Novocain was injected into what we thought was Tenon’s space, but the films 
showed a characteristic muscle cone picture; after 1 hour, a further 2 ml. 
_ was injected, and satisfactory radiographs were obtained (Figs 7 and 7a, overleaf). 


In a second patient, the medium entered the lateral part of the inner surgical 
space instead of the episcleral space. Precise localization was, therefore, not 
possible. On stereoscopy, the foreign body was shown to lie posteriorly and 
within the eyeball. As the foreign body had been present for 18 months, it was 
possible that inflammatory changes had obliterated Tenon’s space. Such ad- 
hesions have been postulated by Pettinati (1953). For this method of localization 
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Fic. 7.—Lateral view after 
injection of 2 ml. diodone 
into Tenon’s capsule. 
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Fic. 7(a).—Optic foramen 
projection of 2 ml.° dio- 
done injected into Tenon’s 
capsule. 
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to be accurate, we require not only occipito-mental and lateral projections but 
additional views tangential to the globe at the point nearest to the foreign body. 

We have confirmed the accuracy of this method in the cadaver by inserting 
foreign bodies in varying and known relationships to the posterior pole of the eye 
and confirming their position by the method just described. 

Stereoscopic films have been found to be of considerable value. They give a clear 
impression of the relationship of the foreign body to the opaque medium and 
hence to the posterior pole of the eye. This should be of greatest value when 
tangential views would be complicated by dense bony shadows, e.g., petrous bone. 
Such radiographs have readily been obtained with a mobile x-ray machine. 


Material 
Four cases of orbital space-occupying lesions have been investigated: 


Case 1, a female aged 42 years, had a chondro-sarcoma originating in the right maxillary 
antrum and investigation was undertaken to determine the degree of orbital invasion. 
Plain radiographs showed a mass filling the right maxillary antrum, and the lower margin 
of the orbit especially in its medial portion had been destroyed. The medial and inferior 
wall of the antrum also appeared to have been destroyed. Injection of medium into the 
inner surgical space demonstrated an upward displacement of the orbital contents. Since 
the muscle cone showed its characteristic shape despite displacement, no gross invasion 
of the orbital contents was probable and this was confirmed at operation. 


Case 2, a male aged 51 years, had postural exophthalmos considered to be due to an 
orbital varix. Control films showed no abnormality of the bony orbit, 4 ml. 17 per cent. 
solution of diodone was injected into the inner surgical space and the resultant radio- 
graphs showed enlargement of the muscle cone shadow with a mottled appearance sug- 
gestive of filling defects within the cone. The appearance was similar to Fig. 8. 


Fic. 8.—Ballooned inner surgical 
space caused by presence of 
artificial tumour. 
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Case 3, a boy aged 12 years, had had a plexiform neurofibroma of the right orbit for 
5 years and the diagnosis was confirmed by examination of tissue removed at operation 
2 years ago. Plain radiographs showed enlargement of the right orbit and depression, of 
the floor and the fronto-nasal process. The sphenoidal fissure and the optic foramen 
were enlarged. An injection of diodong into the inner surgical space gave radiographs 
showing a filling defect of the muscle cone with the lateral projection. There was thicken- 
ing of the outer surgical space. A central filling defect showed in the optic foramen 
projection suggesting a tumour in or about the optic nerve (Fig. 9). 


Fic. 9.—Enlargement of orbit 
and outer surgical space with 
central filling defect. 


Case 4, a male age 55 years, had had for the last 4 months a paresis of the right superior 
rectus and the right external rectus muscles and slight exophthalmos, there being only 
2 mm. difference between the two eyes. Routine investigation and plain radiographs 
showed no abnormality. An injection of diodone into the muscle cone was made and 
the resulting radiographs showed abnormal patterns in both the postero-anterior and 
lateral projections. In the postero-anterior projection the upper margin of the diodone 
appeared to be displaced downwards and to be somewhat irregular, though retaining 
fundamentally the pattern which we have described. In the lateral projection the upper 
margin of the diodone shadow was flattened and displaced downwards with consequent 
widening of the outer surgical space (Fig. 10, opposite). The neurosurgeon is now 
unwilling to perform a transfrontal exploration as it is felt that the exophthalmos is 
minimal and not rapidly progressive and the operation will leave the patient in a worse 
clinical state. 


Results 


We have failed to find any previous radiological demonstration with con- 
trast media of the normal fascial planes of the orbit. We have endeavoured 
to show that consistent radiographs are obtained with the technique 
described and that any delay between the injection and radiographic exposure 
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Fic. 10.—Downward displace- 
ment of inner surgical space. 


will result in loss of definition due to rapid permeation and absorption. 
The interval available for useful exposure would appear to be about 10 
minutes and this is sufficient for the three standard views. With the skull 
radiography unit, stereoscopic views in the three projections can be taken 
well within the crucial time. We feel that the standard appearance might 
well have escaped our notice had studies not been made in the cadaver. 

It would appear from this and other work that 17 per cent. diodone 
solution can be injected into the tissue spaces of the orbit with a minimum 
of adverse effect. In our experience, the method has been without complica- 
tions. There is a slight risk of a reaction to the iodine content of the medium, 
but this is very rare and can be prevented by routine sensitivity tests. 

This technique would appear to have at least two clinical applications: 

(1) Localization of foreign bodies. 
(2) Investigation of orbital space-occupying lesions. 

The use of opaque media in the localization of foreign bodies is not new 
and our findings are in accord with previous work. In our view, the method 
is safe, simple, and reliable, but is indicated only in selected cases: where 
the foreign body cannot be seen with the ophthalmoscope and is believed to 
be in close proximity to the sclera, especially near the posterior pole of the 
eye. This method has the great advantage of being accurate in all cases and 
not dependent on the concept of a standard size of eye, which we know to be 
fallacious. The only contraindication to this method would be a large 
wound in the eye, when pressure on the posterior pole would cause loss of 
vitreous or other ocular contents. 
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The applicability of this technique to the investigation of space-occupying 
lesions has been tested clinically. We consider the method to be worthy of 
further trial and intend to use it as opportunity arises. It has been presented 
in a provisional form, as suitable cases are uncommon and adequate trial 
will extend over a long period. With this method, we hope to be able to 
confirm the existence of a mass and to localize it by showing deformation 
and invasion of tissue spaces. We have had too little clinical material to lay 
down precise criteria for the site of the injection and the abnormalities in the 
radiological pictures which one would expect to be produced by different 
pathological conditions. We consider that the most generally valuable 
results are obtained by injecting the inner surgical space. On the other 
hand, it would appear that the best radiographs are secured by filling the 
tissue space adjacent to the tumour, so that if the mass is deemed to eccupy 
the central surgical space an alternative approach might be advisable, for 
example, injection of the episcleral space. This should show if the mass - 
has become adherent to the globe. In general, deformity of tissue space 
patterns will be produced by simple pressure which will displace or distort, or 
by adhesion and invasion which will obliterate. 

This technique is, perhaps, open to the criticism that the trauma associated 
with the injection might cause dissemination of malignant cells. Any 
retrobulbar injection is liable to cause a haematoma, which would be more 
likely if a vascular tumour were present but this does not usually cause any 
gross inconvenience to the patient except temporary disfigurement due to 


blood-staining of the lids. 
Hyalase was added to the mixture in one case but did not facilitate filling 


of the episcleral space and an increase in the rate of absorption is neither 
necessary nor desirable. 
' The technique as presented is simple and requires the minimum of ap- 
paratus. -Where available, tomography would be a refinement which should 
resolve difficulties occasioned by overlying bone, but it might be difficult to 
accomplish in the time available after the injection. 

In the localization of foreign bodies, image amplification may, in the 
future, facilitate the obtaining of tangential views by direct observation. 





Summary 

The various types of contrast media having been discussed, diodone is 
considered to be the medium of choice. A standard technique is proposed 
for injection of the various tissue spaces of the orbit. Relatively constant 
radiographs have been obtained in the cadaver and confirmed in vivo. 
We consider that deformation of these should be of value in localizing space- 
occupying lesions and foreign bodies in the orbit. This has been confirmed 
in a small series of cases and the method appears to be safe and worthy of 
further trial. 
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VARIATION OF FIXATION DIRECTION WITH 
COLOUR OF FIXATION TARGET* 


BY 


D. H. FENDER 
Reading 


IN the course of recording eye movements it has become evident that the 
fixation direction of the eye changes slightly when the colour of the fixation 
target is changed. The technique used is that described by Ditchburn and 
Ginsborg (1953), photographing the movements of a beam of light reflected 
from a mirror attached to a contact lens worn by a subject. Several 
modifications as described by Fender (1955) have been introduced. 


Movement of Fixation Direction 
This effect has been studied in some detail and a typical set of results may 
be quoted for the right eye of Subject R.M.P.; if the fixation direction for a 
white target is taken as the origin of co-ordinates, then the fixation 
directions for various colours are given in the Table. 











TABLE 
: : } ; : 
Colour Horizontal (min. arc) Vertical (min. arc) 
Blue + 0:3 —1:2 
Green 0 — 0:1 
Red — 12-0 + 3-6 
+ indicates a nasal or upwards movement — indicates a temporal or d ard 





Position of each fixation point + 0-5 min. arc in both directions 


The target for these measurements was an illuminated pinhole subtending 
1 min. arc at the eye and situated 1-8 m. from the subject; the filters used 


gave maximum visibility at 4,800 A, 5,400 A, and 6,500 A respectively. 


Discussion 
This movement might be taken as evidence in favour of the cluster 
hypothesis of retinal receptors advanced by Hartridge (1947), the eye turning 


so that the image of the target falls on the cluster of receptors most sensitive 
to the colour of the target. It will be seen that the measurements given 


above indicate that the red cluster.of receptors should be on the temporal 
side of the green and blue ones, the displacements being of the same order as 
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those recorded by Hartridge. Moreover, since the optical system of the 
eye is not achromatized and is used off axis, this distribution of clusters 
would agree with the coloured image of a white target as indicated in Fig. 1. 
In this case, however, it seems improbable that the eye would make turning 
movements when the colour of the target is changed; chromatic aberration 
alone will ensure that the image of a target of any particular colour falls on 

. the most advantageous cluster of receptors, and hence another reason must 
be sought for these turning movements. 


VISUAL AXIS 


NASAL " TEMPORAL 
<< ne 





Fic. 1.—Variation of image position due to chromatic aberration only (right 
eye plan). 

The following argument is advanced as a possible explanation of this 
phenomenon. The state of accommcdation of the eye changes with colour 
of the target and this may produce a shift of the back nodal point of the 
eye; since the visual axis is inclined to the opiic axis of the eye, movement 
of the nodal point backwards or forwards will produce a lateral shift of the 
image on the retina as shown for the horizontal plane in Fig. 2 (opposite). 
In this case the eye can make turning motions to maintain the image of the 
target on the same point of the retina whatever the target colour. This is 
shown in Fig. 3 (opposite); the motion of the nodal point being towards 
the retina when a target in red illumination is viewed. 

The angle « has been measured for this subject when wearing a contact 
lens, the method used being to find the direction in which the Purkinje 
images appeared most closely grouped together. This gives a value of about 
>° in the horizontal plane and 1-5° in the vertical plane, but with the visual 
axis inclined downwards from the optic axis. The use of a contact lens 
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Fic. 2.--Variation of image position due to motion of nodal point as accom- 
modation is changed (right eye plan). 
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Fic. 3.—Motion of eyeball following movement of image (right eye plan). 


caused the images to spread badly and the measurements could not be made 
with any great precision; however, in conjunction with the readings in the 
Table, both values for the angle « indicate a backward movement of the 
nodal point by about 0-6 mm. when the target colour changes from green 


to red. 
Further evidence for the motion of the nodal points can be obtained by 
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plotting the size of the blind spot using a Bjerrum screen illuminated with 
lights of various colours. 

For all subjects tested, the angular width of the blind spot was found to be 
about 0-5° larger in red light than in green, supporting the idea that the 
nodal point moves towards the retina in red light; the sensitivity of the 
method is unfortunately not sufficient to show any significant change in the 
vertical direction. 

This motion of the eyes may account for the anomalous effects sometimes 
observed in chromatic stereoscopy; for example, to some subjects red appears 
an advancing colour on a black background but receding on a white back- 
ground. The perception of depth depends on many factors, amongst 
which may be listed the following: 


(a) disparity of the retinal images, 
(b) accommodative state of the eyes, 
(c) vergence of the fixation axes. 


Chromatic difference of magnification causes disparate retinal images 
giving red the appearance of nearness, and accommodation has to be in- 
creased when viewing a red target, giving the same impression; but as 
indicated by the measurements tabulated above, the divergence of the eyes 
increases when viewing a red target, thus leading to an impression of distance. 
The mental picture in any particular case possibly depends on which one 


(or which combination) of these cues predominates. 


Summary 


It has been demonstrated that a shift of the fixation direction of the eye- 
ball occurs when the colour of the fixation target is changed. This may be 
due to the fact that the optical system of the eye is not achromatic, hence the 
position of the back nodal point is sensitive to colour; since the lens of the 
eye is used off-axis, a change in position of the nodal point results in the 
image being displaced across the retina as the object colour varies. The 
eyeball then makes turning movements designed to maintain the image on 
the same retinal receptors irrespective of target colour. This would appear 
to be in conflict with the cluster hypothesis advanced by Hartridge (1947). 
Observations on the apparent size of the blind spot in various coloured 
illuminations lend support to the supposition that the position of the nodal 
point changes with colour. 


The author would like to record his thanks to Mr. R. M. Pritchard who has kindly acted as 
subject and to Professor R. W. Ditchburn for his encouragement and advice. 
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CLASSIFICATION OF ANGIOID STREAKS* 


BY 


R. J. MCWILLIAM 
Victoria Infirmary, Glasgow 


ANGIOID streaks of the retina were first described by Doyne (1889). They 
have since been the subject of much controversy. More than 200 cases 
have been reported in the literature, but histological studies have been few 
and the changes described have varied. The condition is frequently 
associated with pseudoxanthoma elasticum, with cardiovascular disease, 
and with Paget’s disease of bone. A similar appearance may also be found 
after detachments of the choroid, folds of the retina, and other conditions. 

The fundus picture consists of reddish or dark brown streaks radiating 
outwards from the disc, and often seeming to originate from a similar streak 
running partly or completely round the disc. The constancy of this picture 
led Collins (1923) to postulate a definite anatomical basis for their distribution 
and he attributed them to deposits of altered blood pigment lying in the 
perivascular spaces of the posterior ciliary arteries. However the streaks 
occur below the retinal vessels and above those of the choroid, so that they 
must be located either in the deep layers of the retina or in the inner layers 
of the choroid. Furthermore, the streaks have been seen to be interrupted 
by areas of choroidal atrophy, an observation which makes it unlikely that 
they are related to the choroidal vessels (Spicer, 1914; Wildi, 1926). 

That the cause of angioid streaks might be breaks in the membrane of 
Bruch was first suggested by Kofler (1917). His conclusions were drawn 
solely from clinical observation, and confirmation was not forthcoming 
until Bock (1938) described such lesions in microscope sections. Béck’s 
report was soon followed by those of Hagedoorn (1939), Klien (1947), 
Verhoeff (1948), and Winkelman (1948). By courtesy of Sir John McNee, 
I was able to examine the eyes of a 59-year-old woman in his wards in the 
Western Infirmary, Glasgow. Angioid streaks were seen. The patient was 
suffering from essential hypertension and died a few days later from a cerebral 
haemorrhage. Histological examination of the eyes showed breaks in the 
lamina vitrea corresponding to the site of one streak (McWilliam, 1951). 

There is then agreement that the clinical picture of angioid streaks is 
associated, in at least a proportion of cases, with a histological picture 
showing degeneration and gaps in Bruch’s membrane. These gaps may 
not be the only cause, or indeed the cause at all. Ballantyne (1938) and 
Law (1951) remark that the ophthalmoscopic picture of angioid streaks may 
not represent one pathological entity. Somewhat similar streaks occur 
after choroidal detachments, and Law (1938) described plications of the 
retina with pigmentary debris causing a similar fundus picture. 
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Discussion 
Angioid streaks frequently occur in association with four conditions: 


(a) pseudoxanthoma elasticum, 

(6) cardiovascular disease, 

(c) Paget’s disease of bone (osteitis deformans), 
(d) local changes inside the globe. 


Group 1.—In cases associated with pseudoxanthoma elasticum and constituting 
the Grénblad-Strandberg syndrome, there would appear to be a hereditary 
weakness of the elastic tissue of the body shown by the skin and eye lesions and 
widespread vascular defects. Into this group fall those cases of angioid streaks 
with pseudoxanthoma elasticum and intermittent claudication due to vascular 
occlusion described by Scheie and Freeman (1946) and by Hibbert (1948). In an 
examination of the peripheral musculo-elastic arteries in nine cases of the Grénblad- 
Strandberg syndrome, Guenther (1946) found evidence which he considered to 
indicate degeneration of the elastic tissues of the vessel walls. It is not necessary 
for the full syndrome to be present in every case, or at any given time. 


Group 2.—Streaks may be found in association with cardiovascular disease, 
most commonly of the arterio-sclerotic, hypertensive type. Often there is other 
evidence of vascular disease of the retina and choroid, for example, disciform 
degeneration of the macula. The tendency with increasing age to degeneration 
of elastic tissue is accelerated by the vascular disease or is produced by the deficient 
blood supply resulting from the same cause. Degeneration is not confined to the 
elastic tissue of Bruch’s membrane but occurs in the skin, causing senile elastosis. 
This latter condition is not dissimilar to pseudoxanthoma elasticum and may 
cause difficulty in histological differentiation. At least five cases of angioid 
streaks with senile elastosis have been reported in the literature (Scholz, 1941). 
The association of similar lesions of skin, of Bruch’s membrane, and of the elastic 
tissue of vessel walls in these two groups of case, seems more than coincidental. 
It would suggest that the local lesions found in the skin and in the fundi have a 
similar basic aetiology in the two groups. 

Group 3.—Cases associated with Paget’s disease of bone may also suffer from 
hypertension, and therefore belong to Group 2. Alternatively, the excess of 
phosphoric esterase in the blood may lead to calcification and degeneration of a 
telatively healthy Bruch’s membrane. The media of arteries appears to be 
abnormally prone to calcification in Paget’s disease, but true metastatic calcification 
seems to be uncommon. 


To these three types of case in which histological study reveals degeneration 
of the lamina vitrea, must be added a fourth in which the pathology differs. 
Group 4.—In these cases the ophthalmoscopic picture of angioid streaks is 


caused by pigment accumulations, detachment of the choroid, etc. This group is 
distinct from the first three, and the angioid streaks may be termed “‘ secondary”. 


On the available evidence the pathogenesis of the condition in the first 
three groups of case seems to be as follows. First there is degeneration of 


the elastic tissue of the lamina vitrea. Winkelman (1948) described early 
degeneration of the outer elastic layer of this membrane. In his case angioid 
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streaks had not been seen during life although the patient suffered from 
pseudoxanthoma elasticum. Presumably the changes described by him are 
the earliest lesions of angioid streaks. This degeneration leads to anatomical 
defects in the membrane and it becomes less translucent (Hagedoorn, 1939; 
Klien, 1947; Verhoeff, 1948). The gaps in the membrane show up by 
contrast. The widespread degeneration is followed by calcification causing 
intense basophilic staining of the membrane. Ruptures may occur in the 
membrane without the clinical picture of angioid streaks being present; 
basophilia of the lamina vitrea occurs in 10 per cent. of senile eyes (Verhoeff 
and Sisson, 1926; Scholz, 1941). The presence of calcium has been dem- 
onstrated by von Kossa’s stain and iron compounds have also been found. 
In general pathology, in many instances calcification is associated with 
deposit of iron compounds which give a Prussian blue reaction (Muir, 1951). 
Klien (1947) showed that this iron was not due to old haemorrhage. 


Ultimately bone formation occurs in the calcified tissues. The evolution of, 


the lesion thus described is in accordance with the degeneration of elastic 
tissue followed by deposition of calcium and iron and later bone formation 
which occurs in general pathology. 


Conclusions 


From the histology there appear to be two entirely different types of 
angioid streaks; some cases show degeneration of Bruch’s membrane along 
with systemic changes, and in others the fundus appearance of angioid 
streaks is secondary to local conditions within the globe, such as retinal 
folds and choroidal detachments, Bruch’s membrane appearing to be intact. 


y thanks are due to Sir John McNee for allowing me to refer to one of his cases, and to 
peter W. J. B. Riddell for the facilities of the Tennent Institute of Ophthalmology, where the 
work for this paper was done, and for his help and criticism. 
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OPHTHALMIA NODOSA DUE TO CATERPILLAR HAIRS* 
BY 


J. A. CORKEY 
Belfast 


Cases of ophthalmia nodosa attributable to caterpillar hairs have been 
recorded in the literature from time to time during the last hundred years. 
The first description was published by Sch6én (1861) and further cases have 
been described by others including Pagenstecher (1883), Wagenmann (1890), 
Elschnig (1895). The name ophthalmia nodosa was given by Saemisch (1904). 
Only two British authors have published case reports: Lawford (1895), and 
Foster Moore (1929). The case here presented is the first to be recorded in 
Ireland and is one of a very small number which has been studied histolog- 
ically. In preparing this account the valuable articles by Villard and Dejean 
(1934), and by Gundersen, Heath, and Garron (1950) have been consulted. 
A full bibliography of the condition will be found appended to these articles. 

Villard and Dejean (1934) describe the results of their studies of four cases 
and mention five others in which caterpillar hairs or material caused eye 
lesions, adding these nine cases to the forty previously reported. Two of 
their cases were studied in detail: in the first the eye was struck by a cater- 
pillar’s nest falling from a pine tree, and in the second dust from a nest 
entered the eye which was rubbed vigorously. In both cases hairs became 
embedded in the cornea and in the second there was a conjunctival nodule 
containing five or six hairs. 

In the case recorded by Gundersen, Heath, and Garron (1950) a farmer 
rubbed his eye with a towel in which a caterpillar cocoon was lying. There 
was an immediate reaction, intense and prolonged, and several hairs were 
noted in the cornea and anterior chamber. Paracentesis and iridectomy 
were carried out and finally, seven months after the accident, the eye was 
enucleated. A description is given of the histological findings. 

In both these articles the authors proceeded to investigate the irritant 
effects of caterpillar hairs on rabbit eyes. In these animals the reaction was 
found to be milder than in man. 

Among the points made by other writers the following quoted by 
Villard and Dejean (1934) may be noted. Teutschlaender (1908) gave an 
account of the penetration of the iris. He stated that free and dead cater- 
pillar hairs were less irritant than those from a living insect, and ascribed the 
irritation to a toxic substance secreted in the venom glands from which the 

*Received for publication November 23, 1954. 
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hairs arise, the toxin being conveyed in a channel existing in the axis of the 
hair. Weill (1926), who removed a hair by iridectomy from an affected eye, 
also remarked on the virulence of living hairs. 


The hairs are described as being of a chitinous substance and shaped 
like rigid barbed needles. Owing to their brittle nature the barbs are easily 
broken off and thus spread irritation further through the tissues; they are so 
placed as to hinder rather than facilitate the entry of the needle and thus 
tend to tear the tissue on entering it. Several different types of venomous 
caterpillar have been noted, among them Thaumatopoea pityocampa and 
Bombyx. Gundersen and others (1950) had difficulty in identifying their 
caterpillar, but thought Jsia isabella might be involved; R. I. Lloyd in 
discussing this paper mentioned that vegetable hairs might also set up 
ophthalmia nodosa, instancing hop vine and burdock. This point is also 
noticed by Duke-Elder (1938, 1940, 1954). 


There is general agreement among all the authors dealing with this subject 
on the immediate and severe reaction to which the entry of these noxious 
hairs into the eye gives rise. In a typical case, after a very stormy week or 
so, the inflammation tends to subside, and then after a period of 6 to 8 weeks 
a recrudescence takes place with prolonged inflammation of the eye. In 
this phase the nodular reaction to the presence of the hairs is seen, most 
commonly in the conjunctiva. When the hairs were seen to lie in the sub- 
stantia of the cornea, little surrounding reaction was noted. Gundersen 
and others (1950) state that hairs were present in the iris, choroid, or retina in 
10-20 per cent. of the fifty reported cases. 

The pathological appearances on microscopical examination are recorded as 
falling into two phases. First there occurs a liquefactive necrosis which may 
be due to the highly toxic substance introduced with the hair. At this stage 
a polymorphonuclear exudate is present and may give rise to hypopyon. 
In the later stages granulomata occur; these are composed mainly of mononu- 
clear and epithelioid cells, but with multinucleated foreign body giant cells 
and the characteristic hair or spur occupying the centre of the lesion. No 
Koch’s bacilli are present although the reaction is similar to that found in a 
tuberculous nodule. 

Parker Heath, discussing Gundersen’s paper, asked whether a sensitization 
reaction was involved after repeated exposure rather than a purely toxic 
effect. The finding that gave rise to this suggestion was the difficulty in 
securing more than a mild reaction in rabbits with the hairs of the offending 
(dead) caterpillar in his case and with those of Jsia isabella which it was 
thought might be the caterpillar involved. 


In the present case the essential history was not supplied until some time 
after the eye had been removed and. the condition had been diagnosed 
histologically by Dr. Norman Ashton. Considering the case in retrospect, 
it is easy to feel that a clinical diagnosis might have been made, but in view of 
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the multiple penetration of the coats of the eye and the presence of many 
hairs in the iris and ciliary body it is unlikely that the eye could have been 
saved. 


Case Report 


A boy aged 6 years was struck in September, 1952, on the left eye by an insect which 
had been brought home and thrown up into the air by an elder brother. Approximately 
a year later when questioned, this elder boy stated that it was a caterpillar that he had 
thrown. The patient cried sorely when the insect struck his eye and rubbed his eye 
vigorously. His mother bathed the eye but next morning it was swollen and closed. 
Bathing was carried out and the eye seemed to become fairly well, but about a month 
later it became red and inflamed. Atropine and sulphonamide were prescribed by the 
general practitioner, and as the inflammation persisted the boy was sent to hospital. 
Unfortunately, he was not accompanied to hospital by his parents, and no history was 
obtainable. He was sent on the next day to the Benn Eye Hospital, Belfast, and on 
December 6, 1952, the left eye was found to have ciliary injection, posterior synechiae, 
and new formed vessels on the iris. An x ray of the eye revealed no radio-opaque foreign 
body, Mydricaine was injected and the inflammation having subsided to some extent the 
child was discharged on December 22. A week later he was brought back for review, 
and a parent gave the history that he had sustained an injury when out playing. On this 
occasion when the eye was relatively quiet, slit-lamp examination was carried out, and it 
was noted that there were many vessels in the cornea and iris. There was also noted a 
‘““ globule on the iris with a ? eyelash in the centre”. This was situated at about 7 o’clock. 
As there was no evidence of a penetrating wound, the possibility of a cilia was discounted. 
Two weeks later the iris was found to be extensively bound down to the lens and to be 
vascularized. There was good projection of light. Dionine drops 2 per cent. were 
prescribed and on the next attendance 2 months later, the eye was found to be irritable, 
with keratic precipitates, and to have no perception of light. It was therefore enucleated 
on April.1, 1953, some 6 months after the initial injury. The eye was sent to the Institute 
of Ophthalmology, and reported on as follows by Dr. Norman Ashton: 


May 21, 1953.—Preliminary sections of this case have shown a nodular irido-cyclitis due 
to plant or caterpillar hairs—probably the latter. This condition of ophthalmia nodosa 
is a rarity, in fact only two cases have been reported in England and none from Ireland. 


September 21, 1953.—Sections of the whole eye have shown the corneal epithelium to be 
of irregular thickness and the substantia propia vascularized and infiltrated with chronic 
inflammatory cells. Bowman’s and Descemet’s membranes appear normal. In the region 
of the lower limbus there are two oval lesions consisting of granulation tissue which centrally 
contain a circular foreign body found on dissection to be a fine pointed hair. Similar lesions 
with varying degrees of giant cell and inflammatory reactions are present in the subjacent 
ciliary body and in the lower iris, which is involved throughout its extent. In the angle 
formed by the iris and the ciliary body there is a dense mass of fibrous tissue in which scat- 
tered hairs may be seen; eosinophils were not found. 


A further lesion is present in the choroid at the ora serrata. As many as twenty of these 
circular zones of reaction were seen in the affected area which is confined to the inferior 
aspect of the globe. The hairs were found to be non-refringent to polarized light. A 
diffuse inflammatory reaction was seen in the inner layers of the retina with some peri- 
vasculitis, peripapillary. oedema, and occasional clumps of cells on the internal limiting 
membrane; there was a widespread loss of ganglion cells. The upper iris, ciliary body, and 
choroid showed a mild focal inflammatory infiltration. The lens (cut separately) appeared 
normal. The histological appearances are those of ophthalmia nodosa due to caterpillar 
hairs (Figs 1, 2, 3, and 4, overleaf). 








J. A. CORKEY 












Fic. 1.—Section of whole eye showing 
nodular mass of granulation tissue _re- 
placing lower iris and ciliary body. 
The overlying limbus and the adjacent 
oe contain oval inflammatory 
oci. 








Fic. 2.—Inflammatory nodule 
in iris containing centrally a 
caterpillar hair engulfed within 
a giant cell. Haematoxylin and 
eosin. x90. 





Discyssion 
Villard and Dejean (1934), in dealing with the treatment of this condition, 


emphasize the importance of prophylaxis both in education about the 
dangerous nature of such accidents, and in avoiding rubbing the eye when 
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Fic. 3.—High-power view of 
caterpillar hair surrounded by 
granulation tissue and_ giant 
ote Haematoxylin and eosin. 
x 480. 





Fic. 4.—Piece of tissue dissected from iris nodule containing a needle-like cater- 
pillar hair. 120. 


an accident has occurred. Copious irrigation (a grande eau) and immediate 
removal of the hairs if practicable are indicated. 

In many cases the inflammation eventually subsides and the foreign 
material appears to be tolerated. 

Surgical treatment is of doubtful benefit in conjunctival cases. It may be 
required for a single nodule but is not feasible in the presence of multiple 
nodules. Enucleation should be reserved for phthisical and painful eyes. 

Regarding the probable nature of the woolly-bear caterpillar involved, 
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Mr. C. D. Deane, Keeper of Natural History in the Belfast Museum, states 
that the caterpillar of the Garden Tiger moth, Arctia caia, the common 


woolly-bear caterpillar, is often brought into the museum in August, and he 
has had persona) experience of irritation in the eye caused by this creature. 
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DIBENZYLINE; IN GLAUCOMA* 


BY 


JOHN PRIMROSE 


Institute of Ophthalmology, University of London 
Moorfields Westminster and Central Eye Hospital 


THE Dibenamine group of drugs acts at the sympathetic nerve endings, 
blocking their pressor and other actions, and reversing the pressor effect of 
circulating adrenaline. It is said to penetrate the cells and prevent the action 
of nor-adrenaline at its site of liberation. The group is effective only when 
given systemically, and it produces widespread actions. The particular drug 
called Dibenzylinet is said to be free from the irritative side-effects (gastric 
and cerebral) of Dibenamine and to be more powerful in its sympatholytic 
action. Certainly no serious side-effects were encountered in the series of 
cases reported in this paper, although one or two subjects felt rather drowsy, 
and some who were already vomiting on account of their glaucoma or an 


excess of eserine continued to do so occasionally. 
This drug is effective orally, though in this survey, to be more certain of a 


ial tlie tain fainted No symptoms Tapid action, it has usually 
lintra-venous) Sleepy onrising = on rising” «= een given intravenously. 
| | | { As there is some degree of 





urgency in cases of acute 
glaucoma, the Dibenzyline was 
given diluted in 5 ml. saline 
over a period of about 3 min., 
and not by continuous drip 
which might affect the osmotic 
balance. This is contrary to 
previous practice with Dibena- 
mine, but no serious side- 
effects ensued. The most suit- 
able dose was found to be 
15:25 mg. (intravenously) but 
a dose of 40 mg. was given to 
90 a woman aged 48 years in the 
80 hope of obtaining a dramatic 
10 clinical response. 


60 The systemic action of 
ot as T 1 Dibenzyline in a normal per- 


T , ' ' 
aa OS 60 90 120 150 180 gon is illustrated in the 


Ficure.—Systemic action of Dibenzyline. Figure. 


*Received for publication February 10, 1955. 
+Supplied for this trial by Smith Kline and French. 
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There is an almost immediate fall of blood pressure which reaches 
its lowest in about 1-1} hrs, and gradually rises to normal in 3-6 hrs. There 
is a proportional tachycardia (Marey’s law). There is some vasodilatation, 
especially of the splanchnic bed. Postural hypotension may occur, the 
subject feeling light-headed or even fainting on rising suddenly. It might 
be thought that younger persons with a more labile vascular system might 
show greater changes of blood pressure than older persons, but the reverse 
is rather the case, the younger persons probably having greater compensatory 
reserves. In older subjects there may be some risk of precipitating a cerebral 
or other thrombosis from the lowered blood pressure or of heart failure from 
the tachycardia, but no such events occurred in this series. 

The pupil shows a paralytic miosis, small in amount as a rule unless it has 
previously been of the wide, hyperactive type. The dilated pupil of the acute 
glaucomatous state shows no change unless the ocular tension responds well, 
and even when pupillary contraction occurs it seems to be too slight to 
account for any fall in tension—a view shared by Christensen and Swan 
(1949). In normal subjects there is little change in ocular tension; in two 
cases the tension fell from 15 to 13 mm. Hg Schiétzin one hour. No change 
in accommodation is detected, the near point and far point of clear vision 
being unaltered. The eyelids usually feel heavy and droop appreciably. 
The tone of skeletal. muscle is not noticeably affected, and the lids can be 
widened again by raising the eyebrows, as occurs in tabes. There is then a 
small degree of bilateral Horner’s syndrome. 

It has been suggested (Posner, 1950; Weinstein, 1953) that acute glaucoma 
is part of a general sympathetic upset, possibly from the activity of a hypo- 
thalamic centre associated with a rise of blood pressure, sudden dilatation of 
the pupil and other vegetative disturbances. Though this may not apply to 
all closed-angle cases, many, especially those precipitated by emotional stress, 
do show a systemic upset. At any rate it seemed likely that such acute cases 
in which a vascular crisis probably occurs in the eye would be more likely to 
respond to a drug, the main effects of which are vascular, than would cases 
of simple glaucoma. 


Results 


Simple Glaucoma.—Two cases showed, if anything, a slight rise of tension 
(from 30 to 35 mm. Hg Schiétz) in the glaucomatous eye about two hours 
after the administration of Dibenzyline. A third case, in which the glaucoma 
was under better control, showed no change of tension. It was decided that 
cases of simple glaucoma were not benefited, but on the contrary might be 
provoked. 

Absolute Glaucoma.—Two cases, probably thrombotic, were treated out 
of interest. Here the tension fell slowly (e.g., from 50 to 40. mm.) as the 
blood pressure dropped considerably; the tension rose again as the blood 
pressure returned to normal. 
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Acute Glaucoma.—in this group there were some surprises and some 
‘disappointments. All the patients had undergone the usual intensive therapy 
with miotics and had been admitted to hospital as being unlikely to respond. 
This treatment was, in most cases, continued in bed, and the patient was 
comfortably settled with sedation in an attempt to reach some sort of base- 
line, however crude, before starting the Dibenzyline. 


The cases detailed in the Table all show some response of the tension. In 
Cases 1, 5, and 6 this was small in amount. Perhaps if Case 1 had been 
observed for a longer time a better response would have been noted. In 
Case 6, which was of only 2 days’ duration, a better response might have 
been expected, but the lowest Hg Schidtz reading taken was at 35 min. after 
the injection; thereafter, the tension rose again. In Cases 2, 3, and 4 there was 
a good response. Case 3 may be discounted as it is probable that a response 
to eserine started before the Dibenzyline was given. Where circumstances 
permitted, the period of observation was extended and the tension was seen 
to rise again. Although the tension had been lowered, if the angle had not 


TABLE 
RESULTS OF ADMINISTRATION OF DIBENZYLINE IN SIX CASES 





! 

Duration of | : Ocular BP. Dose Intra- 

Age Eye, Time | Tension venously Response 
Attack (mm, Hg) ™- He) (mg.) 








73 | About 8 days | R | 0 50 200/120 25 Insufficient 
time 


42 175/90 





24 hours 76 190/95 Good 
160/85 
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| 140/70 
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90/55 
100/60 
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140/75 
105/55 
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meantime re-opened and the vicious circle broken, the tension rose again as 
the general circulation recovered from the effects of the drug. 


Case Report 


Some clinical notes on Case 6 will serve as an example. A woman aged 48 years with 
acute glaucoma had been fretting over the loss of a pet dog. The right eye had been sore 
and the vision very blurred all the previous day and she had been seeing haloes the evening 
before (48 hrs in all). She had occasionally seen haloes 4 years previously. 

Visual acuity in the right eye was hand movements; the eye was injected, with steamy 
cornea, shallow anterior chamber, and fixed semi-dilated pupil; the ocular tension was 
58 mm. Hg Schiétz. 

Visual acuity in the left eye was 6/9; the eye was white, with shallow anterior chamber, 
small reactive pupil, and normal disc; the ocular tension was 18 mm. Hg. 

Therapy.—Intensive eserine administered to the right eye in the out-patient department 
was without effect. Further eserine drops 1 per cent. and pilocarpine drops 2 per cent. 
were given half-hourly in bed with a Maddox heater. 

Morphine gr. + (2.35 p.m.) was also given. The patient vomited. 

Dibenzyline 40 mg. intravenously was given at 4.40 p.m. At 5.55 p.m. the ocular 
tension was 41 mm. Hg, the cornea was still steamy, and the pupil unchanged. At 6.15 
p.m. a right broad iridectomy was performed. There was no bleeding. 


Results.—The post-operative course was uneventful apart from slight striate keratitis. 
When the patient was last seen on January 21, 1955, the discs were normal, fields full, 
tension normal (left fully controlled on guttae pilo. 1 per cent. o.d.), and visual acuity 
6/9 in the right eye with +2 D, and 6/5 in the left eye with +2 D. 

These six acute cases all underwent iridectomy either at the time or within 
a few days, with good end-results except Case 1 and Case 3. When the 
iridectomy had to be done at the time, the eye was in better condition for the 
operation as a result of the Dibenzyline, and certainly the general excitability 
of the patient and his raised blood pressure were much reduced. Incidentally, 
the operations were rendered practically bloodless, so the drug is of value for 
producing controlled hypotension; in this respect it is probably better than 
hexamethonium, which tends to dilate the pupil. But these drugs have 
their dangers, and the general condition of the patient has to be carefully 
assessed and watched. 

It is clear even from these few observations that the shorter the duration 
of the attack before initiating treatment, the more chance there is of a good 
response—a result which would be expected. The results described in 
enthusiastic early reports (e.g., Clark and Duggan, 1951) have not been sub- 
stantiated. This may perhaps be because the acute cases reported by these 
workers all started treatment within 48 hrs of the onset of the illness whereas 
we have not usually obtained our cases so early. Dibenzyline has been used 
only after the usual miotic therapy has been tried; it is therefore difficult 
to assess its independent effect, but its action is short-lived, and probably the 
best use of the drug is to improve the condition of the eye so that operation 
may be more safely undertaken. 

It is apparent that the ocular tension in any type of case shows no direct 
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relationship to the fall in blood pressure produced by the Dibenzyline. The 
depression of the general circulation, which is a measure of the effectiveness 
of the drug, tends to lower the intra-ocular pressure. In early closed- 

and simple glaucoma probably the local vascular action of the drug is of 
more effect on the ocular tension than the general lowering of blood pressure. 
The results here may be compared to some extent with those effected by 
stellate ganglion block (Miller, 1953). In this technique the sympathetic 
was blocked without any change in the general circulation; early closed-angle 
cases responded and simple glaucoma was aggravated. In our closed-angle 
cases which were not so early and in absolute glaucoma the ocular tension 
was only slightly lowered—probably a passive effect—and soon returned to 
its previous level, much sooner than the blood pressure took to recover. 


These therapeutic trials were undertaken with the help and encouragement of the surgeons of 
the Moorfields Westminster and Central Eye Hospital, London. 
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ABNORMAL FUNDUS REFLEXES AND 
RETINITIS PIGMENTOSA* 


BY 


R. P. CRICK 
Royal Eye Hospital, London 


THE normal variation of the fundus reflex which gives a “ shot-silk ” ap- 
pearance to the retina, especially in hypermetropes, is well known (Nettleship, 
1882; Benson, 1882). Its nature is speculative. A possible significance 
of grossly exaggerated fundus reflexes was first suggested by Adams Frost 
(1902) who noticed their presence in two of six female children of a man 
with retinitis pigmentosa: 
The fundus is of the dark type. Everywhere except in the macular region its 
surface presents a glistening grey white appearance, with a tendency to striation in 


places. The condition appears to be an exaggeration of the reflex appearance 
frequently seen round the disc. The vision is normal in all respects. 


Niccol (1938) described what appeared to him to be an example of a 
tapetal reflex in the mother of two children, both of whom had bilateral 
macular defects. The central regions were stippled by light yellow specks, 
like gold dust, lying deeper than the retinal blood vessels. While investigat- 
ing the family of a 30-year-old man with atypical retinitis pigmentosa, Falls 
and Cotterman (1948) noticed a tapetal-like retinal lustre in the fundi of the 
patient’s mother and in one of his mother’s sisters. Scattered on and about 
the macular area were numerous dust-like golden glittering bodies. On 
further genetic study, he found other cases both of retinitis pigmentosa and 
of the tapetal-like reflex. These occurred in such a way as to suggest the 
operation of a sex-linked gene producing retinitis pigmentosa in males and © 
the tapetal-like reflex in heterozygous females. In this pedigree there was 
also the suggestion that the chance association or interaction of the genes 
for the tapetal-like reflex and for colour blindness led to manifest colour 
blindness in heterozygous females. The responses to the Ishihara test 
differed from those characteristic of deuteranopia or deuteranomaly. A 
tapetal reflex has also been described by Mann (1937), but in a woman whose 
family history is not recorded. More recently, Sorsby (1951) has referred 
to an appearance resembling a glistening exaggeration of the normal reflex 
in the fundi of heterozygous females in a pedigree showing sex-linked 
retinitis pigmentosa. In view of these observations the following case is 
briefly reported because, although the family investigation was negative 
with respect to retinitis pigmentosa, the patient has now, 5 years later, 
herself developed this condition. 


*Received for publication October 27, 1954, 
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Case Report « 

A girl aged 9 years first attended the Belgrave Hospital for Children in Jasuary, 1949, 
as her school-mistress suspected that her vision was defective. There 7 to history of 
prematurity or of maternal illness during pregnancy. 

Visual Acuity: In the right eye 6/36; with +1:5 D cyl. at 140° 6/18, In the left eye 
6/36; with +0-25 D sph. +1-75 Dcyl. at 35° 6/18. The central areas d the optic fundi, 
except at the maculae, had a slightly irregular appearance, light bein as from 
the surface of smooth, almost transparent cobble-stones. The optic were slightly 
pale but the vessels appeared normal. There was no abnormality of tle periphery of the 
fundi (Fig.1). The Ishihara test revealed defective colour vision. / 


/ 
Fic. 1.—Right fundus, 198. 


Professor Arnold Sorsby suggested that such an appearance might indicat; the female 
heterozygous state in sex-linked retinitis pigmentosa And an examination of pther mem- 
bers of her family was made. In addition, a detailsd investigation of her cdour vision 
was carried out by Mr. W. D. Wright of the Depzrtment of Physics, Royal College of 
Science. He found her very slow with the Ishihara test, she failed on all te charts, 
suggesting that she had no red-green discrimination, but this was not confirmei with the 
Farnsworth test in which the discs were arranged roughly in the correct sequene though 
the detailed ordering showed many errors. There was no one range of the spetrum in 
which her discrimination was especially good of especially bad. The Nagel anomioscope 
and Wright colorimeter tests suggested that she had some colour discrimination although 
well below normal. She named monochromatic colours correctly (e.g., red, ¥llow, 
green, and blue) even when the intensity was altered over a wide range, though the mrmal 
protanope or deuteranope usually makes a number of mistakes in this. She wai not 
able to make the observations needed to measure her luminosity curve, but her comments 
about the relative brightness of the different colours did not suggest abnormality in his 
respect. Mr Wright concluded: 

These results have not enabled me to classify her as belonging to one of the recognize 
groups of colour defect. I can only say that her colour discrimination is generally poo 
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but no\ non-existent, and I would guess that her defect was associated rather with her dis- 
crimination capacity than with any abnormality of her colour-perception mechanism. 
Whetherthis means that her defect is located in the retina or in the higher centres rather 
depends qnione’s ideas of where discrimination occurs. I would not care to speculate on 
this. 

An examinatinn of 28 of the 38 living members of the child’s family was carried out 
with completely negative results (Fig. 2). No abnormal fundus appearances or defective 
colour vision vere discovered. All had good corrected visual acuity in each eye except 
for an aunt with pne amblyopic eye from neglected convergent squint. The relatives of 
the normal fatherwere examined as part of a systematic attempt to discover any possible 


genetic significanc for the condition. 
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\ Fic. 2.—Family pedigree. 
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On routine emminatio) 3 years later the findings were unchanged; 5 years after her 
first attendance She was sten again because her brother had noticed that when playing 
with a ball, sheSometimes {lid not know where it had gone. There was no complaint of 
difficulty in ea ey vision} Her corrected visual acuity was still 6/18 in each eye, but 
her optic discshad a translycent pallor, the retinal vessels were slightly attenuated, and 
pigment aeons of thé.bone corpuscle type were seen in the equatorial region of 
each fundus. The ophthalmyscopic appearance was that of retinitis pigmentosa (Fig.3). 





Fic. 3.—Right fundus, 1954. 
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The records of her fields of vision were somewhat unsatisfactory as she found éifficulty in. 
concentrating to maintain fixation. The peripheral fields showed only Imitation in \. 
their upper parts more marked on the temporal side, but the inner isopters Aad a general 
restriction on the temporal side of the field of vision of each eye (Fig. 4). 
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Fic. 4.—Visual fields, 1954. / 


Dark-adaptation tests revealed impairment of both the core and rod pats of the curve 
(Fig. 5). 
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Fic. 5.—Dark-adaptation curve, 1954, compared with average normal curve 
recorded under same conditions. \ 


The ocular media were clear, an x ray of the skull was reported normal, her hearin; was 
good, and there were no other abnormalities. 
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\ Discussion 

With the completely negative family history dominant inheritance is 
clearly excl\ded, similarly recessive sex linkage is ruled out if only because of 
the sex of the patient. There is nothing in the pedigree (Fig. 2) to support 
the possibility of autosomal recessive inheritance for the parents were not 
consanguinegis. One can only speculate that a mutation for retinitis 
pigmentosa his occurred in the x-chromosome of the germ cells of one of 
the parents aid that the patient is potentially the mother of a family in 
which sex-linktd intermediate retinitis pigmentosa may occur. It is known 
that some heteryzygous females may show the characteristic carrier condition 
such as a tapeta reflex while others may occasionally show the disease itself 
(Roberts and) Sprsby, personal communicz.tion). Full expression of a 
recessive pathoginic gene in the carrier female is not particularly un- 


common in several x-chromosomal affections such as colour anomalies 
and sex-linked ny;tagmus. 


| Summary 

A case is teporttd in which a grossly exaggerated fundus reflex was 
associated with impiired visual acuity and a lack of colour discrimination 
which did nd belorg to one of the recognized groups of colour defect. 
Despite evideice suggesting that the condition might be an indication of the 
female heterqzygous state in intermediate sex-linked retinitis pigmentesa, 
no ocular abrormality was found in 28 of 38 living relatives and the pedigree 
did not supyort any of the usual types of inheritance. Five years later, 
however, the patient presented with clear signs of retinitis pigmentosa. It 
is concludedthat a mutation has occurred in the x-chromosome of the germ 
cell of one of the parents, and that the patient is in fact probably heterozygous 
for retinitis pigmentosa showing clinically at first a tapetal reflex and later 
the pictureof the disease itelf. 

A knowedge of the manifestations of the heterozygous state in genetic 
disease isof clinical importance both for diagnosis and prognosis. Further 
work onthis ill-defined group of fundus reflexes may endow them with a 
more ext significance. 

My thaiks are due to Professor Arnold Sorsby for his advice and help, to Mr. W. D. Wright 


at iis ophion on the patient’s colour vision, and to Mr. J. B. Davey and Mr. M. Sheridan for 
dark-adgtation investigations. 
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CORRESPONDENCE 


LARGACTIL 


To the Editorial Committee of the British JouRNAL OF OPHTHALMOLOGY, 


Sirs—We should like to express our appreciation of the contribution by Mr. Gibson 
109 “y “Largactil” as a pre-medication in ophthalmic surgery (Brit. J. Ophthal. (1955), 
“* Largactil *” has been used in this Unit for a considerable period as a routine pre- 
medication in doses of 25 mg. one hour before operation, together with 2 gr. 
phenobarbitone. This combination is given in all cases due for operation under local 
anaesthesia. 

In an experience of over 200 cases it has been found that the pre-operative condition 
of the patient is more uniform and peaceful than with 3 gr. phenobarbitone alone, and 
no marked side-effects other than some dryness of the mouth, slight pallor, and coldness 
have been noted. When there is nausea or vomiting after local or general anaesthesia 
it is our practice to use “ Largactil ’” as a routine sedative with marked relief of these 
symptoms. 

We therefore wish to support the recommendation of Mr. Gibson Moore that 
“ Largactil ” has a valuable place in the sedation of ophthalmic cases. 


Yours faithfully, 


B. W. RycCROFT 


G. J. ROMANES 
CORNEO-PLASTIC UNIT AND REGIONAL EYE BANK, 


THE QUEEN VICTORIA HOsPITAL, 
East GRINSTEAD, SUSSEX. 


March 16, 1955. 


To the Editorial Committee of the BRITISH JOURNAL OF OPHTHALMOLOGY, 


Sirns—We were very interested to read Mr. Gibson Moore’s article on “* Chlorpromazine 
in Ophthalmic Surgery” (Brit. J. Ophthal. (1955), 39, 109) and we would agree with 
him that it is a satisfactory pre-medication before ocular surgery. 

For the past year we have been using chlorpromazine (“ Largactil ”) in routine pre- 
medication in adult patients in a large series of cases operated upon under both general 
anaesthetic and local anaesthetic, with or without intravenous “ Flaxedil ” akinesia. 

We note, however, that Mr. Gibson Moore has encountered no complications in his 
series, and we feel bound to report that we had four cases of post-operative vomiting, 
which, on investigation, were found to be attributable to the fact that chlorpromazine, 
given orally in small doses, may have a local emetic action not controlled by its central 
anti-emetic action. Since these cases we have used the drug by intra-muscular injection 
and have had no recurrence of this complication. Further, in one case, in which only 
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25 mg. chlorpromazine had been injected, operation had to be postponed because of the 


patient’s apparent collapse; he had marked pallor, muscular twitching, and a drop of 
systolic pressure to 80 mm. Hg. 

We feel that with such a drug, the effects of which are not yet entirely evaluated and 
for which no antidote has yet been produced, it is wise that the administration should 
be entirely under the control of an anaesthetist. In our series of cases the administration 
was the responsibility of one of us (J. I.). 


Yours faithfully, 


DERMOT PIERSE 


JOHN IVES 
THE Eye UNIT, 
CROYDON Group HospirAL MANAGEMENT COMMITTEE, 
Out PATIENTS DEPARTMENT, 
33, MayDay RoaD, THORNTON HEATH, SURREY. 
March 2, 1955. 


NOTES 


BIRMINGHAM AND MIDLAND EYE HOSPITAL 
Post-Graduate Course in Industrial Ophthalmology 


A POST-GRADUATE course in ophthalmology will be held in conjunction with the 
Department of Post-graduate Medical Studies, University of Birmingham, on July 18 to 
22, 1955. The course is for ophthalmologists and industrial medical officers, and will 
include clinical demonstrations, lectures on industrial diseases and injuries, and visits to 
local factories and a coal mine. 


The fee is 5 guineas for the full course, and 24 guineas for morning sessions only. 
Communications should be addressed to the Director of Research, Birmingham and 
Midland Eye Hospital, Church Street, Birmingham, 3. 
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OBITUARY 


ARTHUR FERGUSON MACCALLAN 


Frw medical men can have enjoyed so rich and varied a career as A. F. MacCallan, whose 
death on March 31, 1955, will be regretted by a wide circle of friends and colleagues, and 
by the ophthalmic profession throughout the world. 

MacCallan was born in 1873, the son of the Reverend J. Ferguson MacCallan, M.A., 
who had left Northern Ireland to settle in Nottinghamshire. He was educated at Charter- 
house, Christ’s College, Cambridge, where he secured the Darwin Prize, and St. Mary’s 
Hospital, London, which he entered as a University Exhibitioner. He was for some years 
a keen soccer player, but his athletic career was cut short by a serious accident to his 
knee while at Cambridge. In 1899 he ob- 
tained the Cambridge M.B. and F.R.C.S. 
(England), and he proceeded M.D. in 1913. 

Early in his career MacCallan decided 
to: specialize in ophthalmology. As a 
student he had been taken to Moorfields 
by Mr. Silcock, and shortly after qualific- 
ation he was appointed house surgeon to 
that hospital, and later worked there as 
chief clinical assistant. 

The scourge of eye disease in Egypt was 
an age-old problem, which had received 
particular recognition in Europe since the 
return of troops from the Napoleonic 
Wars. At the turn of the century Sir 
Ernest Cassel, who had been interested in 
the construction of the Nile dam at Asswan, 
was moved by the prevalence of blindness 
in Egypt to donate a sum to further 
the education of Egyptian medical men 
in ophthalmic diseases. As a first step it 
was decided to establish a mobile hospital, 
and to the charge of this MacCallan was 
appointed in July, 1903. 

From this beginning he evolved, by. pro- 
digious work and the help of Government 
and private funds, a vast organization, 
ultimately comprising base ophthalmic 
hospitals in each of the capital towns of the ARTHUR FERGUSON MACCALLAN 
fourteen Egyptian provinces, six travelling 
hospitals and numerous subsidiary clinics. The training of Egyptian ophthalmic surgeons 
received prior consideration, and regular courses of lectures and clinical instruction were 
provided. Research facilities were at first established in small centres, but these were 
superseded some years later by the magnificent Ophthalmic Laboratory at Giza, near 
Cairo, built as a memorial to the men of the Egyptian Camel Corps and Labour Corps, 
who had been killed in the war. No less important was the provision of ophthalmic 
treatment in all Government primary schools throughout Egypt, an innovation which 
was at first received with some hostility. 

Lord Kitchener was particularly interested in these activities, and at his suggestion 
MacCallan undertook a programme of clinical research in ankylostomiasis and _bil- 
harziasis, for which four large tented hospitals were established. 
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MacCallan was in England at the outbreak of the 1914 war, but at once returned to 
Egypt were he concentrated the travelling and tented hospitals at Alexandria as a general 
hospital for British and Australian sick and wounded. The static eye hospitals throughout 
the country were used for convalescent cases, though their out-patient departments were 
maintained as ophthalmic centres. 

Later in the war MacCallan served as surgeon at a base hospital in Mersa Matruh, with 
the rank of Major, R.A.M.C. In 1920 he was made a C.B.E. - 

His work in Egypt provided MacCallan with unparalleled experience in the study of 
tropical diseases of the eye, and in particular of trachoma, on which he became a recog- 
nized world authority.. In addition to many articles in the medical press, covering a wide 
field, he wrote a standard text-book on trachoma, and it was a fitting tribute to his work 
and to all that he had done to meet the ravages of this disease, that he was elected President 
of the International Trachoma Organization. From this position he only retired in 
September, 1954, after presiding over its activities during the XVII International Congress. 

In 1923 MacCallan resigned from the service of the Egyptian Government. His great 
contributions to medicine in that country were recognized by two Egyptian decorations, 
and by the unique distinction of a bust of himself, presented by the ophthalmic surgeons 
of Egypt, which was unveiled by the High Commissioner in 1931. 

Returning to England MacCallan proceeded to shape for himself a career as an oph- 
thalmic surgeon in London. It was a striking tribute to his status, which he was proud 
to acknowledge, that in middle-age he was welcomed to the consulting staff of the West- 
minster Hospital and of the Royal Eye Hospital, to both of which, and to his private 
practice, he applied himself with customary zeal and enthusiasm. On reaching the age 
of retirement he continued research work at Westminster Hospital, and he resumed full 
clinical responsibility there during the war years. 

MacCallan was a man of forceful character and incisive opinion, association with whom 
was always a stimulating and at times an exacting experience. Those of us who were 
privileged to work with him will remember him as a great clinician and teacher and as a 
pioneer and authority on the problems of trachoma. Some of us, too, will long cherish 
the memory of MacCallan as a host at his house in Wélbeck Street, where his genial 
hospitality was abundant and his help and guidance freely given. 

To Mrs. MacCallan, her daughter and two sons, deep sympathy will be extended from 


many quarters. 
E. F. KING 


MARIANO SORIA 


WE regret to announce that Dr. Mariano Soria, Professor of Ophthalmology of the 
University of Barcelona and one of the best known ophthalmologists in Spain, died on 
March 30, 1955. Dr. Soria was president of the Jubilee Congress of the Hispano- 
American Congress in 1954, 


STEPHEN L. POLYAK 


STEPHEN L. PoLyAk, the greatest living authority on the anatomy of the visual system, 
died in Chicago on March 9, 1955, at the age of 65. He was born in Croatia and received 
his medical degree at the University of Zagreb. He was a health officer in the Serbian 
Army in the first world war. He taught neurology at the University of Zagreb from 1920 
to 1928, when he went to the United States. He was an assistant professor of neuro- 
anatomy at the University of California, then went to the University of Chicago as an 
assistant professor of neurology in 1930. In 1938 he entered the antomy department 
and became Professor of Anatomy, when he began his research into the anatomy of the 
eye. His book on the retina is a classic, and before he died he had just finished a volume, 
** The Vertebrate Visual System ”’, to be published early in 1956. 
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COMMUNICATIONS 


INCIDENCE OF HUMAN INFECTION WITH ONCHOCER- 
CIASIS IN DIFFERENT COMMUNITIES IN RELATION 
TO THE INCIDENCE AND TYPE OF THE OCULAR 
LESIONS* 
BY 
F. H. BUDDEN 
Colonial Medical Service, Nigeria 


OPHTHALMIC surveys carried out between November, 1951, and May, 1954, 
revealed widespread ocular onchocerciasis in Northern Nigeria. Differences 
were found to occur in the proportion of persons infected with onchocerciasis 
in different communities, and it soon became apparent that these differences 
were associated with differences in the type of ocular lesion predominating 
and in the incidence of blindness due to onchocerciasis. This paper aims at 
_ defining these differences, attempting to explain their aetiology, and drawing 
_ attention to their bearing on prophylaxis. 


Method of Investigation 


Fifteen villages were visited and arrangements were made for all the inhabitants, 
or in some villages all the inhabitants of a limited number of compounds, to 
attend for examination. Attendances were checked against the tax roll and 
absentees followed up. The people of Northern Nigeria are prepared to co- 
operate in medical surveys and it is believed that although there were a few un- 
avoidable discrepancies through sickness, absence from the village, reluctance of 
some adult women to attend, or minor inaccuracies in the tax list, a high proportion 
of each community was examined. 

Age was estimated from the general appearance of the patient. Onchocercal 
eye lesions are uncommon in Nigeria in subjects under the age of 10 years, 
and assessment of visual acuity is not always possible in children in this age group. 
The present analysis was therefore limited to persons of 10 years of age and over. 


Determining the Incidence of Infection Infection is most readily proved by 
% identifying the microfilariae of Onchocerca volvulus which have emerged from a 
' skin snip. For the purpose of the present investigation a method had to be 
' adopted which, whilst reasonably accurate, could be carried out by African junior 
staff, working under supervision, and thus allowing us to examine sufficiently 
~ large communities. 
' Routine skin snips were taken from the left iliac crest by the technique described 
| by Kershaw and others (1954). These were then mounted, cut surface uppermest, 
in two drops of normal saline on a microscope slide and examined after an interval 
_ Of about one minute with the 2/3 objective. If motile microfilariae were seen, 


*Received for publication September 30, 1954. 
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the slide was regarded as positive. If no microfilariae were seen, the slide was 
re-examined a few minutes later before being recorded as negative or positive. 
Every tenth positive slide was left for the microfilariae to emerge fully. The 
skin snip was then removed, the saline allowed to dry, the slide stained with 
Giemsa, and the microfilariae identified. 
Preliminary investigation showed the following facts: 
(a) When the snip over the iliac crest was negative, repeated skin snips from 
other sites only occasionally revealed microfilariae. 
(6) A snip that was negative before teasing only occasionally revealed micro- 
filariae after teasing. 
(c) Microfilariae other than those of Onchocerca volvulus were rarely found in 
skin snips collected in this way. 


Apart from the microfilaria of Onchocerca volvulus, only one microfilaria, that 
of Agamofilaria streptocerca, is known to occur in the skin of man. As far as the 
author is aware, this second microfilaria has not been reported in a Northern 
Nigerian, and no case of this infection was found in the slides stained in the course 
of the present investigation. Blood-borne microfilariae are common, but only 
once were they found in a skin snip. 

Admittedly this technique, in which only one snip is taken, the snip is not 
teased, and only every tenth slide is stained, may sometimes be inaccurate in the 
individual case. It does however allow about one hundred persons to be examined 
daily by two dressers, and permits a comparison to be made of the incidence of 
onchocercal infection in different communities, without subjecting patients to 
multiple skin snips. 

Determining the Intensity of Infection —The intensity of infection in an indi- 
vidual is perhaps best assessed by determining the concentration of microfilariae 
in the skin. Previous workers, e.g. Hughes and Daly (1951), have counted the 
number of microfilariae collected from skin scarifications or the number of 
microfilariae emerging from skin snips. Kershaw and others (1954) counted the 
number of microfilariae which emerged from a weighed and teased snip, and 
calculated for each patient the mean number of microfilariae per mg. of skin. 

In the present investigation, when a slide was found positive, the number of 
microfilariae per microscope field was recorded. It is not claimed that these 
records give an accurate measure of the intensity of infection in the individual, 
but large numbers may provide a guide to the intensity of infection in a community. 

In addition, the technique described by Kershaw and others (1954) was employed 
in three places. This technique is more accurate, but because it is time consuming 
and cannot be delegated to junior staff it was only used for a small sample of 
patients in these three villages. 

Ophthalmological Examination.—Visual acuity was tested using an illiterate 
E test, and ability to count fingers at distances up to 6 m. A dark room was 
pr epared wherever ocular examinations were made. Focal illumination, loupe, 
slit lamp, and electric ophthalmoscope were employed. Only onchocercal eye 
lesions are recorded in this paper; reduced vision due to causes other than 
onchocerciasis has been omitted. The onchocercal lesions will be described 
elsewhere, but were similar to those recorded by Hissette (1931, 1938), Ridley 
(1945), and Toulant and Boithias (1950a, b). Ocular onchocerciasis was only 
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diagnosed when the lesions were typical. Four onchocercal lesions are considered 
in this paper: 

(a) keratitis involving the pupil area, 

(6) iridocyclitis, 

(c) optic atrophy without choroidoretinal lesions, 

(d) choroidoretinal lesions. 


Survey Findings 

(1) Differences in Incidence of Onchocercal Infection in Different Com- 
munities.—The incidence of onchocercal infection, ocular lesions, and 
blindness increases with increasing age and is somewhat higher in men than 
in women. Since the age and sex distribution of the persons examined at 
the different villages was different, it is necessary to calculate standardized 
rates when comparing the incidence of onchocerciasis. For each village the 
number of persons examined and the number with positive skin snips were 
recorded in 10-year age groups for men and women separately. From 
these figures, standardized rates for the incidence of onchocerciasis were 
calculated by the direct method, using the total population of the Northern 
Region of Nigeria (Government Statistician, 1953) as the standard popula- 
tion. The results are recorded in Table I, which shows wide differences in 
the proportion of infected persons in the different communities surveyed. 


TABLE I 


INCIDENCE OF INFECTION WITH ONCHOCERCIASIS IN 
DIFFERENT COMMUNITIES 
































Group Village *No. of Persons Examined | Standardized Infection Rate 

A, 
Standardized Igbak 1,143 114 
Infection Rate Ohit — 987 166 
0-333 Takare 35 236 
per 1,000 Binango 172 247 
Total 2,337 146 
Patassan 200 336 
B. Kudaru 74 395 
Standardized Bambur 27 469 
Infection Rate Baban 580 476 
334-666 Binigi 141 481 
per 1,000 Imbop 210 541 
Jeb Jeb 26 622 

Total | 1,258 | 453 ° 

Cc. 
Standardized Izom 69 759 
Infection Rate Rikofe 16 823 
667-1,000 Bulki | 85 826 
per 1,000 Hng 65 972 
Total 295 a 889 











pias persons of 10 years of age or over were included in the analysis. 
Infected persons were taken to be those found to have a positive skin snip by technique described. 
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(2) Differences in Intensity of Onchocercal Infection in Different Com- 


munities.—The differences in the infection rate in the different communities 
shown in Table I were found to be associated with differences in the density 
of microfilariae in the skin of infected persons, and in the incidence and 
severity of the clinical signs. Where the infection rate is highest, infection 
occurs at an early age; all adults have positive skin snips; the density of 
microfilariae in the skin is high; nodules are common; skin changes are 
advanced. On the other hand, where the infection rate is lowest, infection 
tends to occur later in life; the positive skin snip rate does not rise to 300 per 
thousand in any age group; the density of microfilariae in the skin is low; 
nodules are less common, skin changes rarely progress beyond the stage of 
lichenification. Between these two extremes there is a gradual shift. 

To compare the number of microfilariae seen emerging from the skin snips 
taken from all infected persons, the villages were grouped according to the 
infection rate as in Table I. It was found that amongst infected persons the 
mean number of microfilariae per microscope field was: : 


Group I 1-45 (S.D. 0-78) 
Group II 3-12 (S.D. 3-65) 
Group III 6:7 (S.D. 7:1) 


As the proportion of infected persons in each group of villages rose there 
was a progressive rise in the average density of microfilariae in skin snips; 
moreover the density of microfilariae found in the most heavily infected 
members of each group rose even more markedly. 


Table II compares the detailed findings in three communities with different 
TABLE Il 


COMPARISON OF ONCHOCERCAL INFECTION IN THREE COMMUNITIES 
WITH DIFFERENT INFECTION RATES 







































































District or Village | Rukuba* Izom | Bulki 
Number of persons examined | 3,082 69 85 
Standardized infection rate per 1,000 (for 
population over 10 years of age) 222 759 826 
Incidence of reduced vision in both eyes 
(standardized rate) 10 77 199 
Mean no. of microfilariae per Normal 6°1 (S.D. 6°3) |16°4 (S.D. 22-1)|32°5 (S.D. 31-2) 
mg. of skin at iliac crest in a vision in 14 persons | in 48 persons | in 14 persons 
sample of infected persons 
with Reduced 3°6 (S.D. 3°8) |38°4 (S.D. 15°8))81°7 (S.D. 42°6) 
vision in 10 persons | in 5 persons | in 14 persons 
Persons with microfilariae in Normal 0 12 
anterior chamber in a vision in 14 persons | in 2 persons | in 22 persons 
sample of infected persons 
with Reduced 0 2 1] 
vision in 20 persons | in 5 persons | in 12 persons 








*Rukuba District comprises the villages of Igbak, Ohit, Binango, and Baban (Table I). 
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infection rates, where Kershaw’s technique was employed. The concentra- 
tion of microfilariae in the skin determined by this method again reflects the 


infection rate in the community. 
(3) Presence of Microfilariae in Anterior Chamber Related to Intensity of 


Human Infection.— Microfilariae are commonly found in the anterior cham- 
ber of the eye where the proportion of persons infected is high, but were not 
seen where the proportion was low (Table If). This difference is associated, 
as is recorded elsewhere (Kershaw and others, 1954), with the concentration 
and distribution of microfilariae in the skin of the body as a whole. 


(4) Ocular Lesions and Visual Acuity.—In studying the relationship between 
the incidence of the different ocular lesions, it is necessary to remember that 
when anterior segment lesions are advanced they prevent examination of the 
structures behind them, and that therefore any lesions of these posterior 
structures would not be recorded. One might assume that wherever such a 
lesion of the anterior segment occurred the structures lying behind it were 
also diseased, but this would almost certainly be an over-correction. In the 
present survey the fundus could be examined in all eyes with visual acuity 
of 6/24 or better, but in some patients with visual acuity of 6/36 the fundus 
details were obscured. Eyes with reduced vision were divided into three 
groups according to visual acuity: 

(a) Blind Eyes (unable to count fingers at 4 m.).—In this group of 88 eyes the 
lesion considered to be the cause of blindness was recorded. Examination of the 
fundus was impossible in the majority of patients. 

(b) Eyes with Severely Reduced Vision (visual acuity from 6/36 to counting 
fingers at 4 m.).—There were 44 eyes in this group. All onchocercal lesions seen 
were recorded, but in 6 eyes examination of the fundus was impossible. 

(c) Eyes with Moderately Reduced Vision (visual acuity between 6/12 and 6/24). 
—lIn the 49 eyes in this group all the lesions present could be seen and recorded. 
Comparison of the incidence of the different ocular lesions is therefore most 
satisfactory in this group. 


(5) Relationship between Incidence of Onchocercal Infection and Type of 
Ocular Lesion.—In lightly infected communities the lesions most commonly 
found in persons with reduced vision were choroidoretinal, but in heavily 
infected communities other lesions, particularly iridocyclitis, were more 
frequent. This difference was well marked in the extreme areas, with a 
gradual change between these extremes. 

To analyse these differences the villages were divided into three groups 


according to the standardized infection rate: 


Group Aue aes 0-333 per 1,000 
Group B ye it 334-666 per 1,000 
GroupC... —... 667-1,000 per 1,000 


For each group of villages the actual number of persons examined, the 
number infected, and the number with each type of ocular lesion was recorded 











326 F. H. BUDDEN 


in 10-year age groups for males and females separately. The incidence of 
infected persons, and of each type of ocular lesion which would occur at the 
same rates in the standard population were calculated for each age and sex. 
The standardized incidence of each eye lesion per 1,000 infected persons was 
calculated for each group of villages. The results are given in Table III. 

It is apparent that the proportion of infected persons who suffer fromm each 
eye lesion, excepting possibly choroidoretinal lesions, increases as the 
incidence of infection in the community increases. The statistical signific- 
ance of these differences can be more easily assessed from the actual numbers 
of eye lesions recorded, by comparing them with the numbers which would 
have been expected to occur in each group of villages had the incidence of 
each eye lesion been a constant proportion of the number of persons in- 
fected. The number of persons expected to suffer from each eye lesion in 
each 10-year age group was calculated separately for males and females on 
this assumption. For each group of villages the total number of persons 
expected to suffer from each eye lesion was found by adding the numbers 
for the separate age and sex groups. 


TABLE III 
INCIDENCE OF ONCHOCERCAL LESIONS ASSOCIATED WITH REDUCED VISION 
AND CAUSING BLINDNESS, IN COMMUNITIES GROUPED ACCORDING TO 
STANDARDIZED INFECTION RATE 


















































| Total 
Standardized Infection Rate per 1,000 O- | 333- | 666— All 
1,000 | Areas 
Total No. of Persons Infected 294 | 580 | 260 1,134 
Standardized Rate! 0 3 | 12 bas 
yi= 12:3 
Keratitis Observed 0 4 7 11 n= 2 
P=< 0-01 
Expected 3°07 | 5:50] 2°42 | 10-99 
Standardized Rate| 3. [17 | 58 — | xt 8 
: mi sei 
Iridocyclitis | Observed 2 14 23 39 P=< 0-01 
Expected 10-05 | 20-21 8-75 | 39-01 
Lesions - 
causing Optic Atrophy | Standardized Rate} 0 0 5 — 
Blindness without y2= . 3:8 
Choroidoretinai | Observed 0 0 3 3 Nes 2 
Lesions P=< 0:20 
Expected 0°58} 1:11 1-32 | 3-01 
Standardized Rate 4 |25 | 24 an 
Choroidoretinal y2= 9:3 
Lesions Observed 3 23 13 39 ee 
P=< 0°01 
Expected 10°34 | 20-88 7:55 | 38-97 
Total Eyes Standardized Rate| 7 45 99 -- 
(All causes) 
Observed 5 41 46 92 


























(contd.)— 
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TABLE III—continued 
Total 
Standardized Infection Rate per 1,000 O- | 333- All 
1,000 | Areas 
Total No. of Persons Infected 294 | 580 260 | 1,134 
Standardized Rate 3 17 — 
x?= 17:0 
Keratitis Observed 0 4 9 13 a= 2 
P=< 0-01 
Expected 3°26| 6°79} 2:95 | 13-00 
Lesions 
associated Standardized Rate} 0 9 30 — 
with x?= 17°9 
Visual Iridocyclitis Observed 10 16 26 n= 2 
Acuity =< 001 
6/36— Expected 6°27 | 12°50| 7:22 | 25:99 
Counting 
Fingers Optic Atrophy | Standardized Rate 2 14 — 
at 4m. without x*= 17:3 
Choroidoretinal | Observed 2 8 10 me 2 
Lesions =< 0-01 
Expected 2°83 | 4:74| 2°44 | 10°01 
Standardized Rate| 4 2 8 — 
Choroidoretinal = 146 
Lesions Observed 3 3 4 10 a 2 
=< 0°50 
Expected 2:31} 5:02} 2:67 | 10-00 
Standardized Rate} 4 12 49 — 
Total Eyes* 
Observed 3 14 27 44 
Standardized Rate 7 — 
x*= 146 
Keratitis Observed 0 4 n= 2 
P=< 0:01 
Expected 1:03 | 2-11 0°86 | 4-00 
Standardized Rate) 3 9 43 — 
= 1771 
Iridocyclitis Observed 2 11 15 28 = 2 
Lesions P=< 0:01 
oneeed Expected 7°58 | 14:26} 6°18 | 28-02 
wit! 
Visual Optic, Atrophy | Standardized Rate 1 6 — 
Acuity without x= 9 
6/12-6/24 | Choroidoretinal | Observed 0 1 4 5 n= 2 
Lesions =< 0-01 
Expected 1-35| 2°53 1-13 5-01 
Standardized Rate} 13 19 8 _— 
Choroidoretinal x*= 0:8 
Lesions Observed 10 19 4 33 n= 2 
Expected 8-81 | 18-28 5°92 | 33-01 
Standardized Rate} 13 22 45 —_ 
Total Eyes* 
Observed 10 22 17 49 


























Standardized rates were calculated per 1,000 eyes in infected persons. 
*The sum of the number of lesions is greater than the total number of eyes with reduced vision because some eyes 
had multiple lesions. 
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Fig. 1 shows that, for iridocyclitis, whether causing blindness or associated 
with severely or moderately reduced vision, there is a continuous increase 
in the ratio of observed to expected incidence, as the proportion of infected 
persons in the community rises. Moreover the differences between the 
observed incidence and the expected incidence are statistically significant 
(Table III). Although the number of cases is smaller, onchocercal keratitis 
and optic atrophy without choroidoretinal lesions follow a similar trend. 
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Fic. 1.—Incidence of certain eye lesions in relation to standardized_infection rate 
in the community. 
NOTE: Figures for observed and expected incidence are given in Table III. 

On the other hand the incidence of choroidoretinal lesions represents a 
more constant proportion of the number of persons infected. Considering 
persons with reduced vision, it can be seen that there is no regular upward 
trend in the ratio of observed to expected incidence of such lesions from 
lightly to heavily infected areas, and that such differences as are found are 
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not statistically significant. If, however, only blind persons are considered, 
the upward trend is again obvious and the differences are significant. These 
differences may in fact be greater than recorded because anterior segment 
lesions occur more commonly in heavily than in lightly infected communities, 
and when they are sufficiently advanced to cause blindness prevent any view 
of choroidoretinal lesions which may be present. 

The proportion of infected persons with keratitis, iridocyclitis, or optic 
atrophy not associated with choroidoretinal lesions increases markedly with 
the intensity of infection in the community. In the present survey, the 
standardized incidence per 1,000 infected persons of eyes with iridocyclitis 
was six in lightly infected areas, 35 in moderately infected areas, and 131 in 
heavily infected areas. 

The incidence of choroidoretinal lesions is difficult to assess because the 
fundus is sometimes obscured by lesions of the anterior segment, but the 
figures suggest that the number of eyes with choroidoretinal lesions is fairly 
closely related to the number of infected persons. In the present survey, the 
standardized incidence per 1,000 infected persons of eyes with choroidoretinal 
lesions was 21 in lightly infected areas, 46 in moderately infected areas, and 
40 in heavily infected areas. The incidence of choroidoretinal lesions, 
compared with that of other ocular lesions, is more closely related to the 
number of persons infected, and less closely related to the intensity of 
infection in the community. 

During the past 3 years the author has seen seven patients with active 
papillitis. All these patients lived in heavily infected villages; ail had 
intense infections at the time of examination, and all but two had micro- 
filariae in the anterior chamber. Although the series is small, it suggests 
that onchocercal papillitis, unlike choroidoretinal lesions, is always associated 
with a high intensity of infection.and possibly with invasion of the optic 
nerve by microfilariae. In the present investigation, optic atrophy occurring 
without choroidoretinal lesions was almost limited to heavily infected areas, 
and these lesions may have been due to previous papillitis. 


(6) Differences in Incidence of Blindness related to Incidence of Oncho- 
cerciasis.—Fig. 2 (overleaf) shows that the proportion of infected persons who 
become blind increases with the incidence of onchocerciasis in the community, 
and that the high figures in heavily infected areas are largely due to a rise in 
the incidence of iridocyclitis, keratitis, and optic atrophy in these areas. 
Moreover, whereas, in heavily infected communities, onchocercal blindness 
occurs in some young adults, in lightly infected areas it is limited to persons 
over 50 years of age. 


Discussion 
Relationship between Incidence and Intensity of Infection. 


The figures for density of skin infection are not entirely satisfactory 
because those collected from all persons examined were not an accurate 
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measure, and those accurately measured were only collected from small 
samples. However, considering the nature of the disease and the fact that 
the life of Africans in different village communities is similar, one would 
anticipate that the mean density of infection amongst infected persons in a 
community would increase with increases in the infection rate in the com- 
munity. The figures for density of microfilariae in the skin, although not 
absolutely conclusive, support this suggestion. 


Aetiology of Differences in Incidence of Various Ocular Lesions. 


In the villages surveyed the incidence of anterior segment lesions expressed 
as a proportion of infected persons was very much higher in heavily infected 
than in lightly infected communities. The incidence of choroidoretinal 
lesions showed less variation, and although they predominate in lightly 
infected areas are overshadowed by anterior segment lesions in heavily 
infected areas. The difference suggests a difference in pathogenesis between 
anterior segment lesions and choroidoretinal lesions. 

It has been shown that the presence of microfilariae in the anterior chamber 
of the eye is very much more common in heavily infected than in lightly 
infected areas. The present survey lends support to the widely held belief 
that the anterior segment lesions are due to the local death of microfilariae 
and the liberation of their toxins. It suggests that optic atrophy occurring 
in the absence of choroidoretinal lesions may be the late result of papillitis 
produced by invasion of the optic nerve by microfilariae. 
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In the villages surveyed, choroidoretinal lesions do not seem to follow 
the same trend as anterior segment lesions and optic atrophy. It would 
appear that in contrast to anterior segment lesions, their incidence depends 
rather more directly on the number of persons infected, and rather less on 
the density of infection of those persons. For this there are two possible 
explanations: 


(a) Choroidoretinal lesions are not due to the local death of microfilariae. 
They may result from a sensitivity reaction to an antigen, or possibly from a direct 
reaction to a circulating toxin, the antigen or toxin being produced by micro- 
filariae or adult worms elsewhere in the. body. 

(6) Microfilariae reach the posterior segment of the eye by a route which allows 
them to invade this part of the eye whether the intensity of infection is light 
or heavy. 

The first suggestion is perhaps more acceptable, and is supported by the 
evidence of Bryant (1935) who, finding no microfilariae or histological 
evidence of inflammatory reaction in two eyes with choroidoretinal changes, 
concluded that the lesions were due to a circulating toxin secreted by adult 
worms. The evidence of Semadini (1943) is also of interest: he reported 
the histological findings of Prof. Vogt in the eye of a Swiss geologist, in 
which choroidal changes had been noted during life. Microfilariae were 
found in the cornea, subconjunctiva, iris, ciliary body, sclera, and episclera, 
but not in the choroid or retina. A lymphocytic inflammatory reaction was 
present in the choroid. However, both Hissette (1931, 1938) and Ridley 
(1945) stated that all onchocercal eye lesions were due to the local presence 
of microfilariae, and although the present findings in Nigeria do not confirm 
this view it seems reasonable to expect that when infection is so intense that 
microfilariae find their way into the iris and ciliary body they may also 
migrate to the choroid. 

The choroidoretinal lesions commonly seen in infections of moderate or 
low intensity may be due to an antigen or toxin produced elsewhere in the 
body, but this does not rule out the possibility, in patients with intense 
infection, of an invasion of the choroid by microfilariae producing choroido- 
retinal lesions (possibly of the exudative type not seen in the present surveys). 

Some previous workers have suggested that nutritional factors may play 
an important part in determining regional and tribal differences in lesions. 
Hughes and Daly (1951) considered it probable that vitamin A deficiency 
might account for the high incidence of corneal opacity in the series reported 
by Ridley (1945), and that vitamin B deficiency might account for the pre- 
dominance of choroidoretinal lesions and particularly optic atrophy in their 
own series and that of Bryant (1935). It is conceivable that this is so, but 
to prove the theory it would be necessary to show that the differences in 
incidence of the various ocular lesions are in fact associated with differences 
in severity of the vitamin deficiencies blamed, and. that the association 
between ocular lesions and intensity of infection which has been demonstrated 
in this paper is a local coincidence not found elsewhere. 
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Prophylaxis of Ocular Onchocerciasis. 


The dramatic fall in the incidence of onchocercal blindness, and its limita- 
tion to elderly people, which occurs with reduction in the infection rate in a 
community, suggests a possible new approach to the problem of prophylaxis. 
Control measures may be evolved which will reduce the intensity of human 
infection in certain heavily or moderately infected areas to a level similar to 
that which already exists in lightly infected areas. Although ocular lesions 
would not be completely eradicated, blindness would be limited to a small 
proportion of elderly people. 


Summary 


(1) Wide differences in the incidence of onchocerciasis in different com- 
munities in Northern Nigeria are recorded. 

(2) Attention is drawn to the association of these differences with 
differences in the intensity of human infection, and with differences in the 
clinical signs. 

(3) It is demonstrated that the incidence of onchocercal iridocyclitis, 
keratitis, and optic atrophy is related to the intensity of human infection, 
whereas the incidence of onchocercal choroidoretinal lesions appears to be 
more closely related to the presence of infection than to its intensity. 

(4) The hypothesis is presented that, although anterior segment lesions 
and possibly papillitis result from an invasion of the eye by microfilariae, 
choroidoretinal lesions may be due to a circulating toxin. 

(5) The possibility of limiting the incidence of onchocercal blindness by 
methods short of complete eradication of the disease is suggested. 

I wish to thank Dr. S. L. A. Manuwa, Inspector General of Medical Services, for permission to 


publish this paper, Mr. Harold Ridley for reading and criticizing the draft, and Mr. P. Henry, 
Field Unit Superintendent, for assistance in carrying out the surveys. 
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SEDATION FOR OPHTHALMIC SURGERY* 


COMBINATION OF CHLORPROMAZINE, PROMEZATHINE, AND 
PETHIDINE 


BY 


R. A. BURN, D. A. B. HOPKIN, G. EDWARDS, Anp C. M. JONES 
From the Royal Eye Unit, Lambeth Hospital, London 


DesPITE regional blocks, retro-bulbar injections, and pre-operative bar- 
biturate sedation, intra-ocular surgery can still be a hazardous procedure. 
Apprehension and the accompanying general increase in muscle tone which 
enhance the risks of such operations as intra-capsular cataract extraction are 
only partially overcome by these methods. General anaesthesia, with its 
tendency to venous congestion in the head and vomiting on recovery, offers 
no solution. Any method of sedation which will induce mental and physical 
relaxation in a tense and apprehensive patient, without the disadvantages of 
general anaesthesia, would be of great value. 

Experience with chlorpromazine (‘‘Largactil”), promezathine (“‘ Phen- 
ergan ’’), and pethidine in premedication for general anaesthesia suggested 
that a combination of these drugs might fulfil the requirements of 
ocular surgery. Patients who were given the mixture showed, at the time of 
induction, an absence of apprehension and a degree of mental and physical 
relaxation not found with barbiturate sedation, and their post-operative 
recovery was remarkably free from restlessness and untroubled by the 
nausea, vomiting, and respiratory depression which tends to accompany 
sedation with opiates. On theoretical grounds also such a combination 
seemed likely to be of value. Burn (1954) compared the common properties ° 
of a large number of substances, including chlorpromazine, promezathine 
and pethidine, and mentioned in. particular a reduction of the excitability 
of skeletal muscle and prolongation of the sleep produced by pentobarbitone. 
Decourt (1953) described a number of properties of chlorpromazine, includ- 
ing central depressant and hypnotic effects, potentiation of analgesics and 
local anaesthetics, and anti-emesis; Anton-Stephens (1954) emphasized, in 
psychiatric patients under the influence of the drug, an attitude of indifference 
to their surroundings and a loss of the anxiety and distress which arise from 
feelings of tension. It seemed that these effects of chlorpromazine 
(“ Largactil ’’), combined with and potentiating the analgesic properties of 
pethidine and the hypnotic effect of promezathine (““Phenergan” ) and 
already known to be effective in premedication for general anaesthesia, 
might induce favourable conditions for ophthalmic surgery. 

This combination of drugs has been tried as a form of sedation for ocular 
Surgery under local anaesthesia, and the operative conditions produced 


—_. 
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have been compared with those obtained by the standard methods of | 


barbiturate sedation. 
Materia) and Dosage 


Material.—Operations under local anaesthesia using this method of sedation 
were performed on 89 patients. The operations are shown in Table I. 


TABLE I 
TYPES OF OPERATION PERFORMED 





Total 
41 


No. of Cases 


26 
15 


Operation 











Cataract Extraction—Intra-capsular .. 
Extra-capsular .. 





Glaucoma—Acute 
Chronic 





Retinal Detachment 





Dacryocystorhinostomy 





Enucleation 





—N 


Perforating injury with iris prolapse 





Strabismus 





Miscellaneous—Curette evacuation 
Discission 
Post-operative iris prolapse . 
Plastic operation on lids 


Lamellar corneal graft pice gama gies 


— ee 





Trauma—intra-ocular foreign body posterior root extraction . 
Total 


| 
| 
| 
| 
Be, 
e 
| 
| 
| 





Cataract extraction accounts for almost half the total but they cover the 
normal range of routine ophthalmic surgery including emergency, traumatic, 
plastic, and lacrima) operations. 

The ages of the patients varied from 23 to 91 years; their distribution by 

age groups is shown in Table II, Particular 











TABLE II ’ attention was paid to the following points at 
DISTRIBUTION OF PATIENTS operation: 
BY AGE 
Mental relaxation ; 
Age (Yrs) No. of Cases Muscular relaxation ; 
~—2 |! 9 Spontaneous movements of eyes or limbs ; 
~ 5, 4 < Response to painful stimuli such as _the 
re upper-lid injection, superior rectus stitch, 
50 — 59 14 ayy 
60 — 69 18 or iridectomy ; 
ale ‘ Amount of haemorrhage ; 
90 — 99 1 Response to orders and questions. 
Total oot 89 
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In 28 cases serial blood pressure and pulse readings were taken, and in six cases 
the intra-ocular pressure was measured in the unoperated eye before and after 
giving the drugs. The conditions at operation were evaluated and compared with 
those found in similar cases under standard barbiturate sedation. For the purpose 
of this comparison the type of barbiturate sedation envisaged was that in standard 
use in the department, namely luminal gr. 3 given 1} hrs pre-operatively. 

During the post-operative period particular attention was paid to the following 
points : 

Nausea, retching and vomiting ; 


Restlessness and disorientation ; 
Duration of sedation ; 


Retention of urine ; 
General post-operative complications such as pneumonia and thromboses ; 


Ocular complications such as hyphaema and iris prolapse. 


The patient's comments, spontaneous and elicited, were also recorded in a 
number of cases. 


Dosage.—The great majority of cases were given chlorpromazine (“‘ Largactil ’’) 
50 mg., promezathine (“ Phenergan”’) 50 mg., and pethidine 100 mg. by the 
intravenous route. In a very few cases a rather smaller dose in the same pro- 
portions was given, and in sixteen cases the intramuscular route was used. This 
dosage had already been used satisfactorily as premedication for general anaes- 
thesia in a large number of cases. No other form of sedation was used, When 
using the intravenous technique the drugs were given 20-30 minutes before the 
operation. The dose of all three substances was diluted in 20 ml, saline and 
injected very slowly. As the importance of slow administration became evident 
4 minimum period of 10 minutes was adopted for the injection. In this way the 
progress of pulse and blood pressure could be watched and administration stopped 
if the full dose seemed likely to have too great an effect. When using the intra- 
muscular route the full dose was given 1-2 hrs before the operation. 

In all cases local anaesthesia was used exactly as with luminal sedation. For 
intra-ocular operations, surface anaesthesia with 4 per cent. cocaine drops was 
combined with a facial nerve block, lid stitch injections, and a retrobulbar in- 
jection of 1-5 ml. using 5 per cent. procaine or 2 per cent. xylocaine with adrenaline 
1:40,000. For other operations local infiltrations according to standard pro- 
cedures were used. Two operations for squint in adults were done under surface 
cocaine only. 


Anaesthetic Aspects 


The appearance of patients under the influence of these drugs is charac- 
teristic. They lie quietly and appear to be asleep. According to the depth 
of sedation they may answer questions and obey orders easily, or they may 
snore and be apparently unrousable, though they always show some response 
to painful stimuli. There is a marked pallor of the face and bloodlessness 
of the lips which may be alarming unless it is expected, and the skin is 
noticeably cold to the touch. 
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Serial blood pressure readings were made in 28 cases, starting before 
the administration of the drugs and continuing for some time after the 
patient had returned to the ward. A fall of both systolic and diastolic 
pressures is the rule, and it is responsible in part for the good operative 
conditions obtained. It is much more marked with intravenous than with 
intramuscular administration. The greatest fall in systolic pressure noted 
was one of 135 mm. Hg, from 240 to 105 mm. Hg; the greatest fall in diastolic 
pressure was one of 70 mm. Hg, from 110 to 40 mm. Hg. The average fall 
in systolic pressure was 55 mm. Hg and in diastolic pressure 32 mm. Hg. 
The fall reaches a maximum shortly after administration is complete, and 
the pressure begins to rise again in a few minutes, returning gradually to 
pre-operative levels in 6 to 8 hrs. 

When the intravenous route is used there is a tendency to severe tem- 
porary tachycardia unless the injection is given very slowly. It lasts no 
longer than 10 to 15 minutes as a rule and no case of collapse has occurred, 
but it may be alarming to both the patient and the anaesthetist. In order 
to reduce both the tachycardia and the fall in blood pressure the injection 
should be given evenly and slowly over:a period of 10 to. 15 min. 
With this technique no difficulties have been encountered. When the 
intramuscular route is used, both tachycardia and hypotension are minimal. 
The fall in blood pressure has been well tolerated, but it was thought best 
to keep the patients lying flat until it began to rise again. 

The method is entirely safe in the hands of an anaesthetist with experience 
of these drugs. None of the present series of cases gave cause for anxiety, 
and the method has been used by one of us (D.A.B.H.) in over 500 cases 
as premedication for general anaesthesia with no unfavourable reactions. 
The toxic effects of chlorpromazine have been reported mainly in cases 
undergoing prolonged courses of the drug for psychiatric purposes, and no 
case of a dangerous reaction to a single dose given for anaesthetic purposes 
is known to us. Nevertheless known liver disease and severe diabetes 
have been considered to be a contraindication to its use so far. 


Surgical Aspects 


In all cases, except in two operations for squint, the conditions obtained 
at operation were superior to those provided by luminal sedation. In a 
number of cases almost ideal conditions were encountered where great 
difficulty would have been expected, and in at least one case it is doubtful 
whether the operation could have been successfully performed in any other 
way. Conditions in the immediate post-operative period were on the 
whole better than those obtained with luminal and had none of the dis- 
advantages associated with general anaesthesia. The drugs were not used 
routinely for post-operative sedation so that the later recovery period was 
little different from that following any other type of sedation. 
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Conditions at Operation.—The patients appeared to be asleep although 
they could often answer questions and obey simple instructions. They 
were completely relaxed mentally and physically and there were no signs of 
anxiety or apprehension. Even in the most nervous cases there was a 
complete absence of ‘‘ squeezing’ when drops were put in the eye or the 
lids were handled before the facial block had been given. On the other hand 
the patients were not anaesthetized and protested against painful stimuli 
either vocally or by moving. Such sudden movements, although sometimes 
quite marked and less controlled than under luminal sedation, subsided 
immediately the stimulus was withdrawn and were not followed by the 
prolonged “‘ guarding ”’ and rigidity so troublesome in apprehensive patients 
under luminal. The surgical procedures which most often gave rise to 
them were the lid injections, pulling on the extra-ocular muscles, and, rarely, 
the insertion of a superior rectus stitch. In emergency surgery and when 
operating on congested eyes a few such protests occurred, but in general 
they were much rarer and less troublesome than those encountered in 
patients under luminal sedation. They are emphasized because, when they 
do occur, they are apt to come as a surprise in a patient who appears to be 
unconscious. 

In the intra-ocular operations the absence of anxiety and apprehension 
combined with generalized muscular relaxation, including that of the extra- 
ocular muscles, was the outstanding feature. Gaping of the wound, vitreous 
presentation or loss, and prolapse of the iris were not encountered in any 
case. There was no tendency for the eyes to turn up and no resistance to 
passive movement in any direction. The intra-ocular pressure, in the cases 
in which it was measured, showed either no change, or, more often, a fall of 
up to 10 mm. Hg. Taken digitally it was usually low but never sufficiently 
reduced to make section cutting difficult. Bleeding, in all cases, was re- 
corded as minimal. Both the fall in intra-ocular pressure and the absence 
of haemorrhage were probably produced by the fall in arterial blood pressure 
and the absence of venous congestion in the head consequent upon easy 
respiration and muscular relaxation. Most patients protested mildly against 
the lid injections and a very few during the insertion of the superior rectus 
stitch. These procedures appear to be the most painful steps in most 
intra-ocular operations and nothing else evoked any significant response. 
In particular, only one patient showed any sign of feeling pain from an 
iridectomy and this was a mild and harmless protest during an operation 
on a severely congested eye. In no case of cataract extraction did any 
troublesome movement occur in response to pain after the section was made. 
One old lady, who was confused and subject to sudden purposeless move- 
ments before operation, moved her head several times quite independently 
of any sensory stimulus, but these movements were without effect on her” 
general state of muscular relaxation; there was no tendency to vitreous 
prolapse, and an intra-capsular extraction was completed through a round 
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pupil without complications. In general, the conditions obtained for intra- 
ocular operations were excellent, the most significant features being the 
muscular relaxation and the absence of any tendency to vitreous presentation 
or prolapse even in the few cases in which some spontaneous movement 
occurred. 

In extra-ocular surgery the muscular relaxation and freedom from appre- 
hension and anxiety combined with a definite reduction in haemorrhage to 
produce better conditions for most operations than those provided by 
standard barbiturate sedation or general anaesthesia. This was perhaps best 
shown in the case of enucleations. Apart from an occasional mild protest 
at pulling on the extra-ocular muscles the patients tolerated the operation 
well. The absence of fear and anxiety allowed local anaesthesia to be used 
in all types of patient and the relative absence of haemorrhage made the 
operation simpler and the post-operative recovery shorter than with general 
anaesthetics, In dacryocystorhinostomy the intramuscular route was 
preferred in case too deep sedation should lead to inhalation of blood. 
When combined with slight raising of the head and the infiltration of local 
anaesthetics containing adrenaline, the method provided excellent con- 
ditions for the operation, haemorrhage was minimal, and in no case did 
inhalation of fluid occur. For retinal detachment surgery also the conditions 
were superior to those provided by luminal sedation. In squint surgery, 
however, the protests resulting from pulling on the extra-ocular muscles 
were a source of trouble. One operation had to be completed under 
pentothal for this reason and in one other some difficulty was experienced. 
The other two operations for squint were completed under good conditions, 
one of them with cocaine drops only. 


Post-Operative Recovery.—The immediate post-operative recovery of 
these cases was very satisfactory and distinctly better than after luminal. 
If undisturbed they slept peacefully until the morning after operation 
although they could be roused enough to answer questions. Additional 
sedatives were rarely needed on the night of operation. It is difficult to 
assess the duration of sedation, since the patients emerge very gradually 
from the influence of the drugs, but it was estimated to be 6-10 hrs in 
most cases. These drugs were not used routinely for post-operative seda- 
tion, so that once this stage was passed the conditions were much the same 
as those found after standard methods of pre-operative sedation. 

In ten cases some nausea, retching, or vomiting was recorded, but in 
none of them was it severe or harmful. In only two of these cases did 
retching or vomiting occur in the immediate post-operative period. No 
more cases had this complication than would have been likely to have it 
under luminal sedation and very many fewer than after general anaesthesia. 

Some degree of restlessness was recorded in the immediate post-operative 
period in eight cases. In all but one it was very slight and in none did it 
lead to any ocular complications. It is more difficult to enlist the voluntary 
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co-operation of the patient with this method than after luminal sedation, 
and they do not always lie rigidly in one position. This disadvantage is 
compensated by the patient’s complete relaxation and peaceful sleep. 

General complications were few and could not be attributed to the method 
of sedation. The only ones of importance were three cases of broncho- 
pneumonia of which two recovered uneventfully and one, a woman of 78 
who developed the condition a week after operation, died. There were no 
cases of thrombosis in any area. Several patients did not pass urine for 
20-24 hrs after operation but had no subsequent difficulty. This could 
be attributed to the prolonged post-operative sleep and low fluid intake. 

The commonest ocular post-operative complication was hyphaema. 
This occurred in twelve out of 41 cases of cataract extraction. Of these 
only three developed within the first 48 hours, the remainder, including all 
the important ones, occurring at the usual time between the third and sixth © 
days. Since the method as used did not cover this critical period it could 
not affect the incidence of this complication. In addition to the cases of 
hyphaema there was one case of iris prolapse, which occurred on the 6th day 
after operation, and one of delayed reformation of the anterior chamber 
with choroidal detachment. The incidence of post-operative ocular com- 
plications was approximately what might have been expected in a similar 
series after using standard methods of barbiturate sedation. 

Most patients remembered little or nothing of the operation and were 
quite satisfied with the method. Two patients had two similar operations 
each, one with luminal and one with this type of sedation; both of them 
preferred this method. Dry mouth was a common complaint, but this 
could be relieved by giving sips of water without danger of causing vomiting. 
One patient only said he felt pain during the operation but was unable to 
protest; nevertheless the operative conditions in his case were excellent 
from the surgical point of view. Several patients remembered much of 
what had been said and done in the operating theatre although they had 
given the impression of being deeply anaesthetized. 


Case Reports 


The following reports illustrate cases in which good conditions were obtained 
at operation although considerable difficulty would have been expected using 
standard methods of sedation. 


(1) A woman, aged 77, was admitted with acute congestive glaucoma of the left eye, 
the right eye being blind from previous acute glaucoma. She was a fragile old woman 
with marked cardiac irregularity, confused, apprehensive, very difficult to examine, and 
considered unfit for a general anaesthetic. 

She was given chlorpromazine 50 mg., Phenergan 50 mg., and pethidine 100 mg. intra- 
muscularly 14 hrs. before the operation. A broad iridectomy was done by the ab 
externo method under excellent conditions, with minimal extra-ocular haemorrhage and 
no hyphaema, There was no spontaneous movement during the operation, and complete 
relaxation. Recovery was uninterrupted and the visual acuity achieved was 6/12 with 
correction. 
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It is doubtful whether this operation could have been performed successfully in any 
other way. 


(2) A man, aged 53, with long-standing inflammatory glaucoma, was very appre- 
hensive and intolerant ‘of pain, with little self-control: He was given chlorpromazine 
50 mg., Phenergan 50 mg., and pethidine 100 mg. intramuscularly 14 hrs before the 
operation. A broad iridectomy was done under good conditions with minimal 
protest against upper-lid injection and superior rectus stitch only. Recovery was 
uninterrupted, apart from some retching on returning to the ward. 

This operation would have been very difficult if not impossible under local anaesthesia 
with luminal sedation. 


(3) A man, aged 26, with bilateral chronic simple glaucoma, was a very intelligent 
patient with good self-control, but apprehensive. He was given chlorpromazine 50 mg., 
Phenergan 50 mg., and pethidine 100 mg. intravenously 15 minutes before the operation. 
A cyclodialysis was done under very good conditions, with a mild protest against face 
towel only, which subsided immediately this was adjusted. During an identical operation 
on the other eye under luminal sedation this patient was much more tense and a hyphaema 
occurred at operation. He expressed a preference for ‘‘ Largactil ’’ sedation. 


(4) A woman, aged 63, was admitted with bilateral acute congestive glaucoma, she 
was vomiting and shocked, apprehensive, and in very severe pain. 

She was given chlorpromazine 25 mg., Phenergan 25 mg., and pethidine 100 mg. 
intravenously 15 minutes before the operation. Despite the half dose a bilateral broad 
iridectomy was done under excellent conditions, with no spontaneous movement during 
the operation, and complete relaxation. Recovery was uninterrupted, apart from a 
small post-operative hyphaema in one eye, which absorbed. 

This bilateral operation would have been difficult under local anaesthesia with luminal 
sedation. 


Discussion 


The advantages of this technique are unquestionable, especially in cataract 
surgery, and, by comparison, luminal sedation appears inadequate except 
for minor procedures. Absence of apprehension and tenseness, with 
muscular relaxation but without the disadvantages of general anaesthesia 
are the outstanding features, and reduction of haemorrhage is a useful 
secondary effect. It should be possible to reduce most of the disadvantages, 
such as tachycardia and excessive hypotension, to a minimum by varying 
the method of administration, the dose, and possibly some of the drugs 
employed. The tendency to spontaneous movement in response to painful 
stimuli, however, appears to be a limitation inherent in the method which 
confines its use to procedures in which pain can be effectively controlled 
by local anaesthesia. The experimental work of Hiebel, Bonvallet, and 
Dell (1954) on chlorpromazine is of interest in this connexion. They showed 
that the effect of chlorpromazine on the electrocorticogram of the cat is to 
eliminate all rapid activity and produce slow, irregular, waves similar to 
those seen in sleep. A sensory stimulus causes a burst of rapid activity 
similar to that produced in the normal animal, but lasting no longer than 
the stimulus itself, whereas, in the normal animal it would continue long 
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after the stimulus was withdrawn, The behaviour of patients under this 
type of sedation agrees with these experimental findings. They appear to 
be anaesthetized and are completely relaxed, but once a stimulus exceeds 
the pain threshold it will give rise to aresponse which, because of the absence 
of self-control, may be more violent than under barbiturate sedation, but 
which will subside completely once the stimulus is withdrawn. This lia- 
bility to sudden, uncontrolled movements is less troublesome than might be 
expected, and has never outweighed the advantages of the method except 
in operations for squint. With good local anaesthesia the pain threshold 
is rarely passed, and the procedures which tend to exceed it, such as the 
upper-lid injection or the insertion of a superior rectus stitch, are not carried 
out during the most critical stages of an operation. Moreover, when such 
reactions do occur, they are short-lived and local, and do not involve the 
intense, prolonged, generalized increase in muscle tone which is so dangerous 
- in apprehensive patients under luminal sedation. 


With these advantages and limitations, the relative value of the method 
in the various types of operation follows the lines that would be expected. 
In the surgery of cataract, retinal detachment, and chronic glaucoma, the 
conditions at operation have been excellent. In cases of acute glaucoma and 
in emergency operations oi young, apprehensive men, spontaneous move- 
ment has occasionally occurred, but in most cases it could probably have 
been avoided by adjustment of the dose. In extra-ocular operations, 
especially enucleation and dacryocystorhinostomy, the conditions at opera- 
tion are very good and the hypotensive effect is of value in reducing haemor- 
rhage. In squint surgery, however, the uncontrolled movements which may 
be caused by pulling on the extra-ocular muscles are a serious disadvantage. 
It does not seem possible, in some cases, to control the pain from this 
procedure with local anaesthetics, and since some degree of tenseness and 
rigidity is not a bar to the operation it is probably better, if local anaesthesia 
is to be used, to leave the patient’s self-control unimpaired and to operate 
under luminal sedation, or none. 


It is probable that the dosage necessary to produce a satisfactory depth 
of sedation varies according to the type of operation, the age, weight and, 
personality of the patient; so that a standard method such as has been 
employed in this series so far cannot give the best results. Considerable 
improvement should be obtained by varying the dosage, the method of 
administration, and the drugs employed. In a recent report, Dejean and 
Jaulmes (1954) describe the use in ophthalmic surgery under local anaes- 
thesia of a large number of substances, including those used in this series. 
The method can be extended to include pre-operative and post-operative 
sedation adapted to individual patients and operative procedures, and it: 
seems likely that developments on these lines will supersede the present 
standard method of barbiturate sedation. 
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Conclusion 


The conditions provided at operation by this method for almost all 
forms of ophthalmic surgery under local anaesthesia are much better than 
those provided by luminal sedation, without the disadvantages of general 
anaesthesia. Muscular relaxation and complete absence of apprehension 
or tenseness combined with minimal bleeding are the outstanding features. 
It is important to remember that the patients are not anaesthetized and that 
their self-control is impaired, so that if the pain threshold is passed un- 
controlled movements may result. In practice this limitation has not proved 
serious except in operations of squint. 

The immediate post-operative recovery of these patients is at least as 
good as after luminal sedation and is free from the risks involved in recovery 
from general anaesthesia. 


Summary 

The use of a combination of chlorpromazine, promezathine, and pethidine 
by intravenous or intramuscular injection as a form of sedation for oph- 
thalmic surgery under local anaesthesia is described in a series of 89 cases. 
The conditions produced at operation, and during post-operative recovery, 
are compared with those obtained by standard methods of barbiturate 
sedation such as luminal. The method was found to give better conditions 
at operation than luminal in almost all types of ophthalmic surgery except 
squint. Immediate post-operative recovery was at least as good as after 
luminal and free from the disadvantages of recovery from general 


anaesthesia. 


Our acknowledgements are due to Prof. A. Sorsby and Mr. T. M. Tyrrell for permission to use 
the details of some of their cases at whose operations one of us assisted, to Dr. J. E. Bulow and 
Dr. G. Hurter who gave the drugs to a number of the patients, and to Sisters Thorogood, 
Altenberger, and Condon of the Royal Eye Unit, Lambeth Hospital, for their help in nursing and 


observing these patients. 
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BINOCULAR DIAPHRAGM* 


BY 
R. H. P. FERNANDEZ, O. P. EDMONDS, ann T. A. HUNT 
East Midlands Division, National Coal Board 


IN the act of seeing, normally both eyes are kept open, yet the visual acuity 
is invariably tested with one eye occluded. Occasionally, the distant visual 
acuity of each eye tested separately is not the same as may be elicited under 
binocular conditions. 

One method of testing the distant visual acuity under binocular conditions 
is the infinity balance of Turville (1946). Here, the septum is situated midway 
between the patient and a modified Snellen’s test type. The common area 
of binocularity in this test is around the Snellen’s test type. Wilmut (1951) 
uses polarized glass instead of the septum. Because both methods lack a 
central binocular area, we utilized the principle of the Bishop Harman 
diaphragm (Duke-Elder, 1954 a, b), though we wish to acknowledge Turville’s 
infinity balance which gave us the idea of incorporating the Snellen’s test type 
and thus evolving the binocular diaphragm. 


Method 


Fig. 1 shews the result when a patient over the age of 15 years, who uses both eyes, 
looks through an aperture 44 cm. wide in a diaphragm situated midway between his eyes 
and a Snellen’s test type 6 m. distant. All the visual acuity lines on the test type are of 
the same width (14 cm. approx.) except the 6/60 letter. Fig. 2 shews the chart. Area 
C;C, seen by both eyes, is the central area of the test type. Area RC, is seen only by the 
right eye, and the left eye sees only area LC>. The vision is, therefore, crossed. 

The uniocular patient (Fig. 1), sees area V;V2 (9 cm.), which is smaller than area R,L}. 





Fic. 1.—Optical diagram of binocular diaphragm test. 
*Received for publication December 12, 1954. 
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The patient's head has to be in the correct position; two red reflectors of approximately 
34 cm. in diameter are placed 94 cm. apart as in Figs 1 and 2, so that the uniocular subject 


cannot see both red reflectors at the same time. 
Fig. 2 shews five thick black lines 1-5 cm. wide and 1 cm. apart, at the bottom of the 


test type. The outer lines are 5 cm. high and the three middle ones are 4 cm. high, 
Im testing, the examiner ensures that the patient’s head is in the correct position by 


giving the following three definite instructions; 
() Loox through the hole in the diaphragm and position the head so that the same amount 


of each red reflector is seen, 
Q) Keep the head still when in position, 
(3) State how many black lines are seen at the same time. 


Results 

Uniocular Candidates.—The individual who only uses one eye cannot see 
two red reflectors at the same time and often openly admits this to the 
examiner, who suspects his uniocularity from the frequent side-to-side 
movements of his head. When the head is still, the candidate either sees the 
three small central black lines or one of the outer large black lines, together 
with two or three small black lines according to the position of his head... He 
does not, however, see the two outer black lines at the same time. Uni- 
ocularity for distant vision is presumed when the patient cannot see the two 
red reflectors at the same time. For these cases the visual acuity has to be 
tested in the normal manner, each eye being occluded in turn. 


Binocular Candidates.—The patient who has good distant binocular vision 
easily positions himself. He sees two red reflectors at the same time, 
together with the two outer black lines. The letters of the visual lines above 
and beside the two outer black lines represent the vision seen solely by one 
eye when the patient is correctly positioned. In Fig. 2 on the 6/6 line, AEL 
is seen only by the right eye, the central O by both eyes, and HCT only by 
the left eye. On the 6/36 line in Fig. 2, A is seen only by the right eye and 
L by the left eye. 

The visual acuity of each eye tested separately, as compared with the 
acuity tested under binocular conditions, need not be the same. Therefore, 
where the vision is defective on the diaphragm, the other eye should be oc- 
cluded to see if the visual acuity is altered. 

Certain patients with binocular vision see only four black lines, two large 
and two small. These patients find that the central letters of the chart on 
al) the visual lines converge on one another, making the differentiation of 
the smaller letters difficult. The examiner recognizes this because the 
patient states that he only sees four black lines, and uses the outer letters of 
the chart as a guide to visual acuity. 

This phenomenon is seen in esophorias of 3 to 3} dioptres and in patients 
who are excessively accommodating. Fig. 3 shews a chart where the central 
letters seen by both eyes have been removed; when this is used the above 
disadvantage is avoided. Our own results, however, were based on the 
chart shewn in Fig. 2. 
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. 2—A standard distant  Fyo, 3.—Apart from the 6/60 Fic. 4.—Patients with eso- 
type seen through letter, the central letters seen phoria of 3 to 3-5 D and 
the diaphragm by a patient, —_ by both eyes by the patient those accommodating when 
over the age of 15 years, with _in Fig. 2 have been removed. viewing the Fig. 3 test type. 
good binocular vision. Note closeness of central 
letters and four instead of 
five black vertical lines. 


Accommodation.—The effect of accommodation on the distant visual acuity 
can be demonstrated in the normal patient when he views the black lines on 
the chart through concave spherical lenses, the strength depending on the 
individual, These lenses make the individual accommodate and he will see 
four black lines, two large and two small, instead of five (Fig. 4). Patients 
who normally do not wear glasses but have defective visual acuity sometimes 
shew this when correcting lenses are used. The effect is temporary, and 
five black lines are seen if such patients wear glasses constantly. 

Patients with excessive accommodation also see only four black lines. If 
hypermetropia is also present it will not be revealed by the binocular emme- 
tropia test where the test type is viewed through 2-dioptre convex lenses. In 
such cases even a small convex lens makes the vision blurred (Case 9 in the 
Table). Excessive accommodation is not present, however, in our experience, 
if the 6/60 letter is identified on the binocular emmetropia test, and this rule 
eliminates the majority of esophorias, who are hypermetropes, and also see 


four instead of five black lines. 





Fic. 5.—Patient with hyper- Fic. 6.—Patient' with exo- 
phoria of 0-75 D or more Phoria and divergence excess 
when viewing Fig. 3 test when viewing Fig. 3 test type. 
type. The letters on the right- Note six black lines and cen- 
hand side of the chart are tral bar running down chart. 
higher than those on the left. 


The degree of accommodation required to give the best visual acuity in 
each eye need not be the same. This can be demonstrated in the normal 
patient when he views the letters through the diaphragm with a convex lens 
placed in front of one eye. -The uniocular area seen by this eye is blurred 
but immediately becomes clear when the other eye is occluded (Case 3, Table). 


Hyperphoria.—When the uniocular.area of one eye on the chart is higher 
than the other (Fig. 5), hyperphoria of 0-75 D or more is present. 


Exophoria.—The test does not reveal small or moderate degrees of exophoria, 
but it does detect those cases of exophoria with divergence excess. Here, 
six black lines are seen, two large and four small, and the central area viewed 
by both eyes is seen twice. Such patients also see a bar running down the 
centre of the hole in the diaphragm (Fig. 6). Thus one patient with 6/6 
vision in each eye saw the following letters of the 6/6 line on the chart used 
in Fig. 2, AELO, then the bar running down the centre of the hole in the 
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diaphragm, then the letters OHCT. 


Construction of the Diaphragm 

The chart used is a standard one* which can be obtained in card form or fitted 
to the usual type of vision box. The diaphragm is approximately the same size as 
the vision card and is held in position by means of a stand or wall bracket. The 
width of the aperture in the diaphragm is 4-5 cm. 

The test was constructed for patients with an inter-pupillary distance of 5-5 to 
7:5 cm. In over 800 patients, many of them school-leavers, we found that the 
inter-pupillary distance was within these limits. 

The central area is smallest (1-5 cm.) and RL in Fig. 1 the largest (16-5 cm.) 
when the inter-pupillary distance is 7-5 cm. RL is smallest (14-5 cm.) and the 
central binocular area largest (3-5 cm.) when the inter-pupillary distance is 5-5 cm. 
Hence, all letters lateral to the 3-5 cm. central area can be regarded as being seen 
only by one eye. 

Trial Tests 


(1) Eight-hundred consecutive new entrants to the coal mining industry were 
subjected to the Maddox rod test; 400 were boys, mainly school-leavers, all under 
the age of 21 years, and the remaining 400 were men. 7-25 per cent. of the boys 
and 6 per cent. of the men used only one eye. An incidental finding was that 1 
per cent. of the boys were so illiterate that they could not read the letters on the 
Snellen’s test type, even though they had just left school. 

(2) A further one hundred consecutive cases of new entrants to the coal mining 
Industry had the vision of each eye tested separately. They were subjected to the 
Maddox rod test and refracted, and were also tested on the binocular diaphragm. 
The binocular emmetropia test was also used to test for excessive hypermetropia. 
None of these candidates complained of any ocular symptoms. One could not 
read the letters because of illiteracy; 93 had binocular vision; six were uniocular. 
The Maddox rod and the binocular diaphragm both confirmed these findings. 


The visual acuity tested under binocular conditions differed from that of each 
eye tested separately in twelve out of 99 subjects; six of these used only one eye; 
the other six, who were binocular, are listed in the Table. 

Visual acuity of 6/6 was found in both eyes in 66 subjects, who also shewed no 
abnormality on the binocular diaphragm. One of these had 4 dioptres exophoria 
which the diaphragm did not detect, and another had 2 dioptres of correctable 
hypermetropia detected by the binocular emmetropia test but no excessive ac- 
commodation. 

Three further subjects had 6/6 vision in each eye when tested separately, but 
shewed an abnormality on the binocular diaphragm (Cases 1, 2, and 3 in the Table); 
twenty-eight had defective visual acuity when each eye was tested separately, and 
eighteen of these shewed no defect on the binocular diaphragm, apart from de- 
fective visual acuity; the ten shewing a defect on the binocular diaphragm are listed 
in the Table (Cases 4-13). 

Case 9 (Table) shewed excessive hypermetropia together with excessive accom- 
modation on the binocular diaphragm test, and would have been missed if the 
binocular emmetropia test had been relied upon. 

Three subjects saw four black lines but could not identify the 6/60 letter viewed 


* Obtained from Messrs. Allied Instrument Manufacturers, Ltd. 
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TABLE 
RESULTS IN THIRTEEN CASES 





















































Visual Acuity 
Maddox | No. of 
Each monn Each eye Rod Black Optical Error of Each Eye Tested Separately 
Case| Age tested without Lines 7 
No. | (yrs)| separately binocularly Glasses 
R L R L R L 
1 15 6/6 6/6 6/6 6/6 3-5 eso 4 emmetropia emmetropia 
2 15 6/6 | 6/6 6/6 6/6 | 2eso 4 +1-5=6/6 +1-5=6/6 
3 15 6/6 | 6/6 6/12 | 6/6 ortho 5 +1-5=6/6 +0-5=6/6 
4 32 6/6 6/75 | 6/6 6/36; 3-5 eso 4 +0-5=6/6 +0-75 =6/7-5 
5 39 6/18 | 6/12 | 6/18 | 6/36) 3-5 eso 4 +1-75=6/6 +1-75 =6/6 
6 15 6/12 | 6/12 | 6/12 | 6/12| 4¢eso0 4 —45x20=6/6 —4-5 x 160=6/6 
7 15 6/12 | 6/9 6/24 | 6/9 8 eso, 1-5 4 +0°75/+2x90= +0-75/+2 x90= 
left hyper 6/6 ptly 6/6 ptly 
8 16 6/12 | 6/12 | 6/12 | 6/12) lexo 4 ae oa. x90 
9 15 | 6/7-5 | 6/12 6/7-5 | 6/12; 13 eso 4 No lens improved No lens improved 
+50 +5-0 
+50 +35 
10 41 6/9 6/24 6/9 6/36| 8 eso 4 +1=6/6 part + ais x 110= 
‘ 
ll 16 6/24 | 6/9 |redre-| 6/9 | 4€s0 4 —0-5/+4x 105= +1x75=6/6 
flector 6/12 
12 53 6/6 | 6/36 | 6/6 6/36| 2 eso, 0-75 4 +0-5=6/6 +1-5=6/6 
left hyper | | 
13 15 6/9 | 6/9 6/9 6/9 | ortho 5 od +1-5x 105=6/6| +2-:0x75=6/6 




















With glasses four instead of five black lines 














through 2-dioptre convex lenses (Cases 6, 8, and 9 in the Table; only Case 9 had 
hypermetropia). 


Summary 

A test is described in which the distant visual acuity is tested under bin- 
ocular conditions. The test detects hyperphorias of 0-75 dioptres or more, 
and esophorias of 3 to 3:5 dioptres, and shows up cases in which the binocular 
vision differs from the vision of each eye tested separately. The test also 
_reveals cases of exophoria with divergence excess. Subjects who accommodate 
or have excessive accommodation due to hypermetropia undetected by the 
binocular emmetropia test are also detected. For those who are prescribing 
lenses the trial test is made easier for the patient, if binocular, in that he can 

compare the vision of one eye with the other. 


We should like to thank Mr. E. C. Pemberton, chief orthoptist, Leeds General Infirmary, for 
his valuable advice and criticism; the Chief Medical Officer of the National Coal Board, Dr. J. 
Rogan; and our Divisional Medical Officer, East Midlands Division, National Coal Board, Dr. 
J. Trefor Watkins, for his encouragement and advice. We are especially grateful to Mr. W. 
Morley and Mr. J. J. Phillips, Survey Department, No. 4 Area, East Midlands Division, National 
Coal Board, who drew the diagrams. 
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ELECTRORETINOGRAM DURING DEVELOPMENT OF 
HEREDITARY RETINAL DEGENERATION IN THE DOG* 


BY 


H. B. PARRY, KATHARINE TANSLEY, anp L. C. THOMSON 


From the Animal Health Trust, Kennett, Newmarket, Suffolk, and the Institute of Ophthalmology, 
University of London 


DuRING an investigation of the electroretinogram of the dog (Parry, 
Tansley, and Thomson, 1953), some observations were made on Red Irish 
Setters suffering from hereditary degeneration of the retina. This form of 
retinal degeneration is inherited as a Mendelian recessive character and is 
characterized by degeneration of the rod nuclei at a very early age 


| (Parry, 1953). ' 


The degeneration results in night-blindness and loss of the electroretino- 
gram in young animals. Later the dogs become totally blind. 

In normal puppies the eyes open about 10-15 days after birth but no 

electroretinogram can be recorded until about 21 days when it is normal in 
general appearance but with a very small b-wave. From this age on the 
b-wave increases until it reaches its full size between 40 and 50 days (Fig. 1, 
overleaf). 
_ This finding is in accordance with the results on mice reported by Keeler, 
Sutcliffe and Chaffee (1928), on rabbits by Demirchoglian and Mirzoian 
(1953), on man by Zetterstrém (1951), and on frogs by Miiller-Limmroth 
and Andrée (1954). In none of these species can an electroretinogram be 
recorded from very young eyes. 

We were interested to discover whether an electroretinogram can ever 
be obtained from a puppy suffering from this type of hereditary retinal 
degeneration, and if so, how its appearance and subsequent disappearance is 
related to the progress of the disease as determined by histological 
examination. 

For this purpose we investigated a litter, both parents of which were 
known from previous matings and other criteria (Parry, 1951) to be affected so 
that all the offspring were homozygous for the retinal condition. There 
were six puppies in this litter born 60 days after coitus, of which five 
were first tested 22 days after birth. None produced an undeniable electro- 
retinogram although two (DO 199 and DO 198) may have had a tiny b-wave 
(Fig. 2). One of the five died and was not examined histologically while 
another (DO 201) was killed and sections made of its retina. These showed 
some degeneration among the rod nuclei but no recognizable differentiation 
of their outer limbs. The remaining three dogs were tested again at 26 days, 
when DO 199 and DO 198 had definite electroretinograms and the third, 


*Received for publication February 10, 1955. 
t Present address, Nuffield Institute for Medical Research, Oxford. 
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18 days after birth 


“—seesee 
=> a 
“Le + 21 days after birth 


| 





30 days after birth 


—. 


» 47 days after birth 








Fic. 1.—Development of electroretinogram in normal puppies. Upper trace, 
electroretinogram. Dots in lower trace 0-5sec. Line displacement; upwards 
during presence of light stimulus. 


DO. 123 none. DO 199 was killed on this day and was found to have very 
heavy degeneration of the rod nuclei but also to show differential staining 
of the outer limbs. The two remaining dogs were tested for the third time 
at 32 days of age when DO 198 may have produced a very small b-wave; 
DO 123 certainly did not. The latter was killed on this day and found to 
have a marked outer nuclear degeneration and no recognizable outer limbs. 
The last dog was tested again at 36 and 48 days after birth. At 36 days the 
electroretinogram was still doubtful and at 48 days it was definitely absent. 
This dog was killed on the 48th day and found to have very few rods left at 
all. These findings are summarized in Fig. 2 and in the Table. 

The Table shows: that the ability to produce an electroretinogram is 
apparently much more closely connected with the presence of differentiated 
rod outer limbs than with the actual number of degenerating visual cell 
nuclei as judged by a histological count. In the dog the destruction of the 
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DO 201 DO 199 DO 203 DO 198 
a —_ > aii a 
eves a abe SF . 22 days after birth 
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32 days after birth 


—) 36 days after birth 


th iy 


48 days after birth 


Fic. 2.—Development and disappearance of electroretinogram in a litter of 
diseased puppies. 

Dots in lower trace 0-5 sec. Upper trace, electroretinogram. Line displacement; 
upwards during presence of light stimulus. Calibration 100 uV. : 


visual cells is spread over more than a month. A few degenerate cells have 
been seen in a puppy from a totally affected litter as early as 18 days after 
birth but degeneration reaches a peak at about 30 days after which the 
counts fall off as the number of rod nuclei decreases. Degenerate rod 
nuclei are found, but in steadily decreasing numbers, until there are no rods 
left in the retina. 























TABLE 
Outer Electro- 
Dog Outer Nuclear Layer of Retina Limbs retino- 
of Rods gram 
No. of Degenerate | Thickness of Outer 
Post-natal | Nuclei counted in | Nuclear Layer in Present + 
No. Age when | 8 thick Section of | Cells (normal value Absent — 
i Whole Retina (mid- | in brackets) 
dorsoventral plane) 
DO 201 | 22 days 201 10-12 (14-16) ~ _ 
DO 199 | 26 days 1,789 8-11 (13-15) + + 
DO 203 | 32 days 444 5-6 (12-14) _ _ 
ae | 48 days 244 4-5 (11-12) - — 














These results indicate, we think, that in this disease the rod develops a 
short but histologically differentiated outer limb and becomes capable of 
functioning as a photoreceptor before it begins to degenerate. In addition, 
the rods do not all become functional at the same time. If these assumptions 
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are correct the presence or absence of an electroretinogram will depend on 
the balance between the number of rods which have become fully differ- 
entiated and functional and the number which have already died at the time 
of testing. Thus, in DO 201 only a few rods had developed far enough to 
show outer limbs or to have begun degeneration (in examining the sections 
one cannot be sure of the presence of differentiated outer limbs unless there 
are a fair number present). In DO 199 most of the rods had differentiated 
and, although a large number had subsequently died, enough were left to 
enable the retina to produce a measurable response to light. But in DO 203 
and 198 too few remained capable of acting as photoreceptors. Such an 
interpretation of the results fits in with the histological findings of Bourne, 
Campbell, and Tansley (1938) in rats, Tansley (1951) in mice, and the 
original suggestion made by Treacher Collins (1919) as to the aetiology of 
retinitis pigmentosa in man. It is also strengthened by the observations of 
Keeler, Sutcliffe, and Chaffee (1928) and Demirchoglian and Mirzoian (1953) 
on mice and rabbits respectively, that an electroretinogram cannot be 
obtained from an eye until the rod outer limbs and visual purple have 
appeared. 

An alternative possible explanation of the results described here might 
be that not all the rods degenerate at the same developmental stage, some 
being able to survive for a limited period after they have become functional. 
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KERATOME OR KNIFE INCISION FOR CATARACT* 
ASSESSMENT OF 180 CASES 
BY 


HOWARD REED 
Department of Ophthalmology, Winnipeg Clinic, Winnipeg, Manitoba 


DAVIEL (1753) described the first satisfactory method of cataract extraction 

before the Academie Royale de Chirurgie in 1752. He opened the eye with an 

instrument similar to the modern keratome and enlarged the incision with 

scissors. This method gradually displaced the ancient practice of couching | 
until von Graefe described his cataract knife for making the incision in 1865. 

Von Graefe’s cataract knife then remained in common use until about 10 

years ago when the keratome began to regain favour. In America the 

keratome is now the most popular instrument, but in England the cataract 

knife is still in most common use. 

The incision is one of the biggest factors in performing a successful extrac- 
tion, and it is important to try to determine which is the better method. This 
series of extractions was planned in an attempt to assess the relative value of 
using the keratome or the cataract knife for this purpose. A few series have 
been reported in which the results of each type of operation performed by a 
number of operators have been compared (Davis, 1950; Randolph and 
Eareckson, 1953), but this is not satisfactory because it does not eliminate 
the varying skills of the different operators. The skill of the operator 
may be a bigger factor than the type of incision used. 

In this series all the operations were performed by the author and ail 
cataract extractions performed. during the period under review have been 
included. In an attempt to eliminate all possible variables the two methods 
were used alternately. This routine was broken only when operating upon 
the second eye of a patient when the alternative method of incision was used. 
In this consecutive series of 180 cataract extractions ninety were made with a 
cataract knife and ninety with the keratome and scissors. 

I intended at first to use no sutures, because a bad section can be firmly 
closed by accurate corneoscleral suturing and a good section can be made to 
gape by faulty sutures. In the first 82 cases in this series, I used conjunctival 
sutures in four cases only, but in the last 98 cases the conjunctival flap was 
closed with three or four silk sutures. No corneoscleral sutures were used 
because I considered they would influence the comparison of the two types 
of incision. 
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Technique 

Novocaine was injected into the facial nerve, within the rectus muscle cone, into the 
superior rectus, and upper and lower lids. Lid sutures and a superior rectus stitch were 
used. General anaesthesia was used in a few cases only. 

Iridectomy.—A\though a round pupil is preferable to a “ key-hole es pupil, a full 
iridectomy was done in every case because to perform a peripheral iridectomy in some 
cases, a full iridectomy in others, and occasional peripheral iridotomies would introduce 
variable factors. Moreover, a full iridectomy is probably the best method of minimizing 
the risk of iris prolapse. 

TABLE I Extraction.— Mature 

POSTOPERATIVE REFRACTION AT 3 MONTHS NOT lenses were removed by 
POSSIBLE extracapsular extrac- 

tion. Capsulectomy 
5 forceps were used and 
Operative Technique the extraction was fol- 
Keratome Knife lowed by anterior 
; chamber irrigation with 


1 normal saline.. Imma- 


3 ture and secondary 
Cataracts were removed 


| 
1 | by intracapsular extrac- 
| 
] 
| 











| 

Death ... 
Patients failed to return ws t.. 2 

| 

] 








Deaf mutism and mental deficiency 





tion with Arruga’s for- 
ceps. Most _hyper- 
mature lenses were de- 
livered by intracapsular 
extraction. All cases 
were included whether 


the capsule ruptured during intra- TABLE I 


capsular delivery or not. Capsulo- GOOD CORRECTED VISION COULD NOT BE 
tomy was required at a later date EXPECTED BECAUSE OF ANOMALIES PRESENT 
in six only. BEFORE OPERATION 


Eye enucleated for panophthalmitis 
Retina) detachment ... 


Total 














Operative Technique 





Visual Results Disease 
The crucial test of any catar- 


act extraction is the corrected 


visual acuity. A postoperative — Myopic degeneration 


refraction was not obtained in 


some cases (Table 1). 
Other patients had lesions Long-standing glaucoma 


Knife 
| 
| 
present before operation (Table — Tobacco amblyopia .. B 
i] 
3 
= 


Keratome 
5 
3 


3 





Macular degeneration 








Diabetic retinopathy 











~ Interstitial k 
interstitia) keratitis . 
When these cases are ex- 
cluded, 64 keratome cases and = Cormeal nebulae 


61 cataract knife cases remain ~ oq iaaile 
for comparison. A corrected 

visual acuity of 6/6 or 6/9 is Retinitis Pee 
usually considered to be a suc- Total ... 

cessful result. 











| 
| 
| 
| 
| 
| 
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| 
| 
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The cases obtaining 6/6 or 6/9 by each method are shown in Table III. 


TABLE Iil 
COMPARISON OF KERATOME AND KNIFE CASES OBTAINING 
6/6 OR 6/9 VISION 





Operative Technique Number of Cases | Visual Acuity of Percentage 
6/6 or 6/9 Success 





Keratome and scissors eke, | 64 | 58 | 


Ce Ss ue 61 58 95 








The reasons for failure to obtain 6/9 vision are given in Table IV. Three 
patients were unable to see better than 6/12 for no apparent reason. All the cases 


of vitreous haemorrhage were accompanied by total hyphaema. 
TABLE IV 


COMPLICATIONS CAUSING DEFECTIVE VISION 





Operative Technique 
Keratome Knife 
‘ x os 
Vitreous haemorrhage with delayed absorption .., abe sup 3 ] 2 








Disease | 
| 
| 


Postoperative uveitis 








Twenty-seven patients had a cataract removed from.both eyes. The results are 
given in Table V. 

Five patients obtained a corrected TABLE V 
visual acuity of lessthan6/9inoneorboth RESULTS OF BILATERAL OPERATION 
eyes. Two of these had bilateral macular 
degeneration and two bilateral diabetic Orceuny Sheena 


retinopathy. The fifth patient was seen _Visual Acuity | 


3 weeks after the second extraction when | Keratome 








Knife 





4 corrected vision of 6/12 was recorded. 10 


8 
She was not seen again because she 


fractured her femur and died before a 12 ] 16 
final refraction could be done. 1 2 











It is obvious from these findings that 


the method of making the incision has 


no significant effect upon corrected 


visual acuity. 


0 








Indications of Defective Wound Healing (Table VI) 

(a) Postoperative Astigmatism.—A high degree of postoperative astigmatism 

is usually due to some gaping of the wound even when covered by a conjunctival 

flap. It was therefore considered best for purposes of comparison to calculate 

the average postoperative cylinder only in those cases in which it was less than 4 D 
and to record the numbers of cases with more than 4 D astigmatism separately. 


The keratome and scissors incision therefore caused less postoperative astig- 
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matism than did the cataract knife. When the knife incision was used the con- 
junctival flap was made with the cataract knife when cutting out, and therefore 
covered the wound adequately only in its middle third. When the keratome and 
scissors incision was used the conjunctival flap was prepared first so that the flap 
covered the whole length of the incision. This would appear to be the reason for 
less postoperative astigmatism after the use of the keratome. 

(6) Delayed Anterior Chamber Formation—Only when reformation of the 
anterior chamber was delayed for 5 days or more was it recorded. The one cataract 
knife case and three of the keratome and scissors cases were associated with 
choroidal detachments. 

(c) Choroidal Detachment.—It is probable that many cases with choroidal 
detachment were overlooked because the periphery of the fundus was not 
thoroughly examined until the third week unless an untoward incident such as 
delayed anterior chamber formation occurred. 

In one case only did the choroidal detachment persist. The anterior chamber 
had reformed normally, but 10 days after operation by the keratome and scissors 
method the patient had a nightmare and struck his owneye. The anterior chamber 
was lost, and a large bi-lobed choroidal detachment developed, and this condition 
persisted. The patient had been suffering from glaucoma for some years. : 

(d) Gaping of Wound under Conjunctival Flap or Bulging of Conjunctival Flap.— 
This was not recorded unless it persisted until the seventh day. No serious cases 
requiring suturing were encountered. 

(e) Filtering Scar—This was noted when a small bleb was found at post- 
operative refraction 10 or 12 weeks after operation. 

(f) Adhesion of Iris to Wound.—This was recorded when some elevation of the 


pupil was observed at postoperative refraction. It was presumably due to one or 
both pillars of the iris coloboma being caught in the wound. 

(g) Iris Prolapse——The keratome and scissors case which developed iris pro- 
lapse occurred in a mentally defective deaf mute intolerant of restraint. 

These cases are all summarized in Table VI. 


TABLE VI 
CASES OF DEFECTIVE WOUND HEALING 





Operative Technique 
Keratome Knife 
= cylinder of 4D and less we es 1-93 2-13 





Indications of Defect 








Above 4D astigmatism er oe his 4 12 





(b) Delayed anterior chamber formation ... 1 


5 
(c) Choroidal detachment... v3 foie igs 8 
2 








(d) Gaping wound at seventh postoperative day ... 





(e) Filtering scar 





(f) Adhesion of iris to wound 





(g) Iris prolapse 
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Other Postoperative Complications 
Blood found in the anterior chamber at the first dressing on the day after 
operation is usually the result of the operation itself. When bleeding occurs after 


the first dressing, the blood is usually derived from newly formed capillaries 
bridging the wound. Only those cases in which bleeding occurred after the first 


dressing are included in Table VII. 


TABLE VII 
INCIDENCE OF HYPHAEMA 





Operative Technique 
Postoperative Complications 





Keratome Knife 





Number of cases developing postoperative hyphaema ... es 33 25 





Average time for absorption of blood __... a ue et 12°8 14 
Number of cases in which hyphaema persisted less than 30 days 31 21 


Average time for absorption in ens in — the nein mplpiates 
in less than 30 days aes 11:5 10 

















There were a few cases in which a full hyphaema occurred and took 30 days or 
more to absorb, and in all but one of them there was a definite or suggestive history 
of direct trauma. These were excluded in a second calculation and the findings 
recorded separately. 


In this series diabetes was not a factor in causing hyphaema (Table VIII). 


TABLE VIII 
HYPHAEMA IN DIABETIC PATIENTS 





Patients Number developing Number without | Percentage developing 
Hyphaema Hyphaema Hyphaema 





Diabetic =... | 2 8 : 20 
Non-diabetic ... “| 56 114 33 














Table IX suggests that a raised blood pressure increases the risk of post- 
operative bleeding, because the average systolic and diastolic pressures in the 
group which developed hyphaema is higher than the average in the hyphaema-free 
group. 

The average blood pressure in the cataract knife hyphaema group is higher than 
the corresponding keratome and scissors group. It may be, therefore, that 
hypertension played a part in causing bleeding and thus increasing the number of 
knife cases in which hyphaema occurred. 
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The incidence of hyphaema bears no relation to age (Table IX). 


TABLE Ix 
HYPHAEMA, BLOOD PRESSURE, AND AGE 























ease — Blood —— Average Age 
Systolic Diastolic 
No hyphaema ae sie sie 160 92 70 
With hyphaema Se ‘is ae 172 95 67 
After keratome and scissors incision 169 92 67 
After cataract knife incision “8 176 98 70 











Period of Hospitalization 

Patients were kept in hospital until the incision was firmly healed, all blood in 
the anterior chamber absorbed, and the eye white. Since keratome and scissors 
incisions involve a greater incidence of postoperative hyphaema and striate 
keratitis, it is to be expected that a slightly longer stay in hospital would usually 
be required. This was found to be so. Cataract knife patients were in hospital 
for an average of 18 days, and those operated upon by the keratome and scissors 
method were in hospital for an average of 19 days. 

Discussion 

(a) Comparison of Wound Healing in other Reported Series.—Davis (1950) 
found that delayed anterior chamber formation, gaping wound, prolapse of 
iris, and choroidal detachment were more frequent after keratome and 
scissors incision. Later complications, such as filtering scars, incarceration 
of iris, and secondary glaucoma, were also more common in his series. 
Randolph and Eareckson (1953) found no significant difference in complica- 
tions indicative of defective wound healing. In the present investigation, 
also, both methods appeared to be equally satisfactory from this point of 
view. It should be noted, however, that Davis was reviewing a considerably 
larger number of cases. 


(b) Postoperative Hyphaema.—The hyphaema rate in the whole series is 
high; it occurred in approximately one-third of the cases. Hughes and 
Owens (1945), in their review of some 2,000 cases, found that hyphaema 
occurred most frequently in the type of operation used in most of the cases in 
this series, i.e. the combined intracapsular extraction with conjunctival 
sutures. In fact, their figures, and those of Leech and Sugar (1939) suggest 
that the use of conjunctival sutures actually increases the incidence of post- 
operative hyphaema. This observation is corroborated by the present 
findings (Table X). 

When conjunctival sutures are used there is a tendency to take a good bite 
of the tissue in an attempt to close the incision firmly. The flap is therefore 
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TABLE X 
HYPHAEMA AND USE OF SUTURES 
Hyphaema 
No. of 
Sutures , 
Operations Cases Percentage 
None used 78 21 27 
Conjunctival only 102 37 36 

















under tension. When any stress occurs to cause gaping of the wound, new 


. blood vessels passing to a conjunctival flap under tension are more likely to 


rupture than those passing to a loose unsutured flap. Corneoscleral sutures 
which pass through rigid tissue and hold the wound edges firmly together 
would theoretically be more effective in preventing postoperative haemor- 
thage and this is confirmed by the reported results (Hughes and Owens, 1945; 
Leech and Sugar, 1939; McLean, 1940; Bell, 1949). 

In the present investigation postoperative bleeding was more frequent 
after a keratome and scissors incision than after a cataract knife incision. 
Davis (1950) and Randolph and Eareckson (1953) found the same. 


(c) Striate Keratitis (Table XI).—Folds in Descemet’s membrane or striate 
keratitis were seen in 48 cases after the keratome and scissors incision and in 
seventeen cases after the cataract knife incision. The appearance and severity 
of this condition seem to vary directly with the amount of manipulation of the 
cornea. When enlarging each extremity of the keratome incision with 
scissors each snip necessitates raising the corneal flap to insert the blade of 
the scissors, and these manipulations seem to cause the condition to occur so 
frequently with this type of incision. Fortunately, it has no deleterious 
effect upon the postoperative visual acuity, but there is no doubt that the use 
of keratome and scissors causes more. inflammation and irritability than the 


' cataract knife. 


(d) Vitreous Loss (Table XI).—Since this complication occurs at the time 
of the extraction of the lens it is no test of the relative merits of each incision. 


TABLE XI 
OTHER POSTOPERATIVE COMPLICATIONS 





Operative Technique 





Complication 








Keratome Knife 
Striate keratitis we ee Sei ay ne os 48 17 
Vitreous loss ... va ro eax ae by ae? 5 4 








—_—.. 


(e) Operative Aspects of Each Method.—The cataract knife section may 
be performed more quickly than the keratome incision, but this is not a valid 
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argument in its favour in these days of adequate local and general anaes- 
thesia. Some operators, especially those who operate relatively infrequently, 
never have confidence in their ability to make a good section with the cataract 
knife. For these the keratome and scissors method is probably better because 
less skill is required. But it is not without draw-backs, for it tends to cause a 
jagged wound and the snips with the scissors are made in the absence of an 
anterior chamber so that there is more risk of damaging the iris. 

It is often argued that the repeated insertion of the tips of the scissors into 
the wound when making a keratome and scissors incision increases the risk 
of infection. In this connexion it is interesting that in this series the only 
patient who developed postoperative panophthalmitis was one in whom the 
incision was made with a cataract knife. 


In this case a 48-hr culture of the conjunctival sac just before operation was negative, 
the tear ducts were patent, and no septic foci were found either before or after the develop- 
ment of the panophthalmitis. It was the second of three cataracts operated upon con- 
secutively during the same operating list, and was the only one to become infected. 
A virulent infection occurred and the eye perforated on the fourth day after operation. 
Colonies of Staphylococcus aureus were cultured from the pus. In this case the incision 
had been made with a cataract knife whereas the keratome and scissors had been used for 
the first and third cases. 


Although one case has no significance, the argument that the use of 
keratome and scissors increases the risk of infection gains no support from 
this incident. 


(f) Other Factors requiring Investigation——Two other inter-related factors 
which enter into this problem of keratome and scissors versus cataract knife 
have not been solved by the present investigation: 


(i) Wound Healing (Dunnington, 1951; Reed, 1954). Samuels (1952) has shown 
that vertical corneal wounds gape internally more than oblique wounds. It is 
probable that the average keratome and scissors incision is more perpendicular to 
the surface of the cornea than the average cataract knife incision. If this is so, it 
would tend to gape internally. This has not yet been proved, but it is an important 
factor which deserves investigation. 


(ii) Corneoscleral Sutures——Although none were used in this investigation, it 
has been shown repeatedly that corneoscleral sutures aid wound healing and de- 
crease the incidence of postoperative complications (Davis, 1950; Hughes and 
Owens, 1945; Leech and Sugar, 1939; McLean, 1940; Bell, 1949). Some surgeons 
prefer preplaced and others postplaced corneoscleral sutures. Postplaced sutures 
may be used with equal facility with each method of incision, but when a number 
of preplaced corneoscleral sutures are inserted it is easier to avoid cutting them if 
keratome and scissors are used. The insertion of three or four such sutures, 
however, makes for a prolonged operation and a red irritable eye. There appears 
to be no doubt that some form of corneoscleral suturing is desirable, but the ideal 
number and type of suture and whether it is best to use silk or catgut have yet to 


be decided. 
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Conclusions 


(1) There was no significant difference in the visual results obtained by 
either method. 

(2) In this series there appeared to be no significant difference in wound 
healing; indications of poor wound healing, such as gaping of the wound, 
filtering scar formation, incarceration of iris, and iris prolapse, occurred about 
equally in each group. Postoperative astigmatism was less in the keratome 
and scissors group. It is: suggested that this was due to the fact that in this 
method a conjunctival flap covers the whole length of the incision. On the 
other hand, reformation of the anterior chamber was seriously delayed in 
five keratome and scissors cases but in one cataract knife case only. 

(3) Striate keratitis and postoperative hyphaema were more common after 
the keratome and scissors incision. The eyes therefore tended to remain 
congested and irritable for a longer period and stay in hospital was prolonged. 

(4) As a result of this investigation it has been impossible to conclude 
that one method is better than the other. It seems that it remains a question 
of personal preference and skill. 


Summary 
A consecutive series of 180 cataract extractions, ninety performed by the 
keratome and scissors method and ninety by the cataract knife method, is 
reported. Each method was used alternately. When the results of the two 
groups were compared, no significant difference was found, and it was con- 


cluded that the choice of method is a matter of individual preference. The 
problems of wound healing and of the association of each method of incision 
with various types of corneoscleral suturing have yet to be thoroughly 
assessed. 


My thanks are due to Professor Arnold Sorsby for guidance in the conde and presentation of 
this investigation, and to Sister Thorogood and the Staff of the Royal me Unit, Lambeth Hospital, 
London, where most of this work was done. 
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SEX OF NUCLEI IN OCULAR TISSUES* 


BY 


CHRISTOPHER PEDLER anp NORMAN ASHTON 
Department of Pathology, Institute of Ophthalmology, University of London 


BARR AND BERTRAM (1949), reporting their observations on small chromatin 
bodies lying adjacent to the large nucleoli in nerve cells of the cat, 
pointed out for the first time that these peculiar structures, known then as 
** nucleolar satellites’, were related to the sex of the animal, being found 
frequently in the female and seldom in the male. It has since been shown 
that this chromatin mass, now renamed “ sex chromatin”, may readily be 
demonstrated in the nuclei of most tissues of the female, both human and 
animal (Barr and others, 1950; Graham and Barr, 1952; Prince, 1952; 
Moore and Barr, 1953, 1954; Emery and McMillan, 1954). - 

In nuclei of somatic cells other than those of neurones, the sex chromatin 
appears as a small hemispherical mass with its flat surface lying against the 
nuclear membrane. It stains well with basic dyes, but is most clearly 
demonstrated in Feulgen-stained preparations of female skin, where it may 
be observed in up to 70 per cent. of nuclei (Fig. 1). In the male similar 
intranuclear bodies may occasionally be seen, but rarely in more than 10 per 
cent. of nuclei, and these are probably unrelated to the sex chromatin. 

Similar sex differences exist in the nuclei of neutrophil polymorphonu- 
clears, as was first shown by Davidson and Smith (1954), who noted small 
drumstick projections arising from the nuclei of occasional polymorpho- 
nuclears in women. This appears to be a further variant of sex chromatin 
and they have found that sex determination from an ordinary blood-film 
examination is completely reliable. 

The exact nature of the special chromatin mass in the female cell is not 
yet finally determined, but the simplest explanation is that it consists of the 
XX pair of chromosomes, which in combination are sufficiently large and 
morphologically typical to be distinct from particulate chromatin, whereas 
the Y chromosome is too small to render visible the XY pair of chromosomes 
in the male nucleus. The apparent existence of sex chromatin in a small 
proportion of male nuclei may possibly be accounted for by artefacts caused 
by coarse particles of chromatin, by indentations of the nuclear membrane, 
and by overlapping of nuclei. In any event, whatever the nature of the 
chromatin mass, it is now generally accepted that sections of unknown origin, 
as far as sex is concerned, may be accurately classified as female or male ; 
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the method has already been extensively used to determine the true chro- 
mosomal sex of pseudohermaphrodites (Moore and others, 1953; Barr and 
Hobbs, 1954; Barr, 1954; Hunter and others, 1954; Marberger and 
Nelson, 1954; Polani and others, 1954), and to study the origin of terato- 
mata (Hunter and Lennox, 1954; Cruickshank, 1955), and it may prove of 
value in medico-legal work. 

Although the morphology of the sex chromatin has been studied in many 
different tissues and in a wide variety of cell types, there have been no studies 
of this kind on the cell nuclei of ocular tissues. The observations recorded 
in this paper show that the sex difference in nuclear morphology is as much 
in evidence in the eye as elsewhere, and is most readily discernible in the 
epithelial cells of the cornea and ciliary body and in the ganglion cells of the 
retina. 


Material and Methods 
In this investigation various preparations of ocular tissues were examined for 
the presence of sex chromatin. The methods employed may be conveniently 
considered in three groups: 


(1) Sections of Whole Eyes.—Sagittal sections of whole eyes, approximately 10 microns 
thick, were used, and, since paraffin embedding was found to produce distortion of 
the nuclear membranes, the majority were prepared in celloidin. Fixation and staining 
methods will be described in some detail, since those used were dependent for their 
success on relatively minor particulars. 

Formol saline (10 per cent.) was used as the fixing agent, being found preferable to 
Zenker’s fluid, which gives rise to artefacts in the form of mercuric precipitates. Several 
staining methods were employed: acid giemsa, iron haematoxylin, haematoxylin and 


eosin, Mallory’s triple stain, and crystal violet all gave positive results, but none of these 
was as satisfactory as the histochemical technique of Feulgen. This was carried out in 
its original manner using undiluted Schiff’s reagent, but the most important step appeared 
to be the hydrolysis, for if this was inadequate a uniform purple colour resulted with 
lack of intranuclear detail, whereas excessive hydrolysis tended to destroy the clarity of 
cellular outline. — It is essential to use exactly normal hydrochloric acid freshly prepared 
for each batch of sections. 


(2) Conjunctival Scrapings.——The scrapings were obtained in the usual way and were 
treated either by the Feulgen technique or the acid giemsa method (Bisset, 1950). Giemsa 
staining appeared to give more reliable results in the conjunctiva. 


(3) Flat Corneal Preparations—The method of Buschke and others (1943) for ob- 
taining flat preparations of the rat cornea proved to be unsuitable for human eyes; we 
found, however, that a flat layer of epithelium could easily be obtained by sectioning 
frozen corneae. A meridional strip of cornea, about 4 mm. wide, was placed, with its 
epithelial surface uppermost, on the stage of a freezing microtome and pressed flat with 
a piece of silicone-treated glass. The specimen was partially frozen and after removing 
the glass a section of about 30 microns was rapidly cut. Staining was then éarried out 
as described for the first group. 


Observations and Results 
(1) All tissues in the sections of whole eyes were examined for the presence 
of sex chromatin, but nuclear counts were attempted only on the corneal 
epithelium. After initial staining difficulties had been overcome, it was 
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Fis. 1.—Epithelial cells of eyelid. 
Feulgen stain. X 1,270, 


Fic. 3.—Retina. Cells of inner nuclear 
layer. Feulgen stain. x 1,520. 


Fis. 5.—Epithelial cell in conjunctival 


scraping. Acid giemsa. X 2,400. 


Fics 1-6.—Sex chromatin masses seen in nuclei 


Fic. 2.—Epithelial cells of cornea. 
Feulgen stain. x 1,380. 


Fic. 4.—Retina, Ganglion cellsat 
macula. Feulgen stain. x 1,600. 


Fic. 6.—Epithelial cells in flat corneal 
preparation. Haematoxylin and eosin. 


x 1,270. 


of different ocular tissues. 
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clear that some of the nuclei of the corneal epithelium in the female con- 
tained a structure not commonly present in the male. These bodies were 
similar in appearance and staining reactions to those described in other 
tissues of ectodermal origin, and consisted of a dense triangular or quadri- 
lateral mass of Feulgen-positive material lying immediately adjacent to the 
nuclear membrane (Fig. 2). They were observed in cells at all levels but 
were most frequently found in the basal layer. 

To record the percentage of nuclei containing these structures, 100 cells 
were counted in 100 sections and in every case the sex of the subject was 
unknown to the observert Since cells containing sex chromatin appeared to 
occur in groups, ten separate fields, spread as evenly as possible over the 
extent of the epithelium, were examined. 

Of the 100 cases studied, the sex was correctly determined in 92, and 
the distribution of the incidence of sex chromatin in the nuclei is shown in 
Fig. 7. Of the remaining eight cases, four were unreadable owing to lack 
of definition and four were incorrectly sexed as females owing to the 
presence of an unusually high number of intranuclear structures, which 
on re-examination after greater experience, could be distinguished from 


sex chromatin. 


The 92 cases correctly labelled consisted of equal numbers of males and “ 


females. In the 46 females the percentage of nuclei containing sex chro- 
matin lay between 20 and 95 per cent., only one case being found at each 


3 
FiG, 7.—Incidence of sex chromatin in human 


corneal epithelium. 
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extreme, so that the vast majority lay between 30-and 80 per cent. All the 
46 males showed structures resembling sex chromatin, but the incidence 
never exceeded 15 per cent. and in the majority, (34) the incidence was less 
than 5 per cent. 

Thus, with very few exceptions, the incidence of sex chromatin in the 
corneal epithelium of the female ranges from 30-80 per cent. as compared 
to a range of 0-15 per cent. in the male; these figures are similar to those 
obtained in investigations on the human epidermis (Emery and McMillan, 
1954), and it is evident that sex may be determined as accurately in the 
corneal epithelium as in that of the skin. 


In sections of the whole eye, sex chromatin was identified also in the 
following tissues : 


(a) stromal cells of the iris, 
(6) epithelium of the ciliary processes, 
(c) stromal cells of the ciliary body, 


(d) ganglion and nuclear cells of the retina (Figs 3 and 4). 


The nuclei of the ganglion cells contained particularly clear sex chromatin 
masses (Fig. 4), whereas those in the cells of the nuclear layers were 
commonly obscured by numerous other granules of similar size. The other 
tissues mentioned contained intranuclear bodies of the same type as those 
found in the corneal epithelium. 


(2) Smears of 25 conjunctival scrapings were examined for sex chromatin. 
None of the male nuclei was positive, but characteristic structures were seen 
in the female, which were similar in every way to those of the corneal epi- 
thelium, except that they occurred much less frequently (Fig. 5). In fact, 
only 3 per cent. of the female cells examined contained sex chromatin. 
The probable explanation of this low incidence is the fact that con- 
junctival scrapings tend to remove only the superficial layers so that the 
smears contain a very high proportion of degenerate and structureless cells. 

(3) Flat corneal preparations were examined in order to determine whether 
this method was superior to transverse sections for demonstrating sex 
chromatin, and to discover. whether positive nuclei did in fact occur in 
groups as had been thought earlier in this study. It was found that flat 
preparations had no particular advantage, for there was no evidence of 
grouping and the incidence of sex chromatin was the same as that recorded 
in transverse sections (Fig. 6). 


Summary 
(1) The recently discovered sex chromatin has now been identified in the 
nuclei of most tissues of the human and animal female. 
(2) In this investigation sex chromatin was sought in ocular tissues: 
celloidin sections of the whole eye, conjunctival scrapings, and flat corneal 
preparations. The methods employed are described. in detail. 
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(3) Structures identified as the female sex chromatin were found in con- 
junctival, ciliary, and corneal epithelium, in stromal cells of the iris and 
ciliary body, in the nuclear layers of the retina, and in the ganglion cells 
where the chromatin masses were particularly well defined. 


(4) In the cornea the distribution of the incidence of sex chromatin was 
determined, and the figures obtained were similar to those reported for the 


human epidermis. 


(5) Of 100 corneal sections examined, the sex was correctly ascertained 


in 92, four being unreadable, and four obscured by artefact. It is evident 
that sex may be determined as accurately in the epithelium of the cornea as 


in that of the skin. 


. _ Our thanks are due to Mr. A. McNeil for technical assistance, and to the Medical Illustration 
Department for the photographs. 
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-CALIBRATION OF TONOMETERS* 
BY 
C. R. S. JACKSON+ 
Edinburgh 


THE steps which led to the current attempt to introduce standardized 
tonometers into the United Kingdom have already been described (Jackson, 
1953). The present paper sets out the results of an examination of the 
possible methods of calibrating ‘“‘ non-standard ”’ instruments to provide 
their owners with fresh calibration curves to replace those already in their 
possession, thus avoiding the necessity of scrapping many instruments 
which are still in an otherwise serviceable condition. : 

Since manufacturers have, until recently, lacked guidance from the 
profession on the desirability of adhering to rigid standards in the pro- 
duction of these instruments, many tonometers have been marketed often 
conforming to the original pattern in little but appearance. Many workers 
have noticed these discrepancies, and the experience of Friedenwald (1937), 
in examining a number of Schiétz instruments, is typical. In none of them 
was the weight of the plunger, with the lever arm resting on it, within 0-5 g. 
of the standard, and in none was the weight of the tonometer, less plunger 
and lever arm, within 1 g. of the supposed weight. My own experience is 
similar. Three Schidétz X-tonometers have been compared with one of the 
original instruments, which was made in Oslo and certified by Schidtz 
himself. All three show variation, both from the original and from one 
another (Table I). Yet all three came from the workshop of a reputable 


TABLE I 


PHYSICAL! CHARACTERISTICS OF THREE; X-TONOMETERS 
AND OF A STANDARD X-TONOMETER (SCHIOTZ, OSLO) 





X-tonometers 


ae: 


Measurements 








Footplate : 
Diameter (mm.) 10 10 
Curvature (mm.) 12 15 





Plunger | 
Diameter (mm.) 3-0 





Weight of plunger mechanism (g.) 5-0 5-3 5:5 533 





Weight of entire Instrument (without 
Handle) (g.) 18-5 17°5 18 16 

















In addition, Schidtz specified that the plunger tip should be hemispherical. The instruments examined did not fulfil 
this requirement. 





*Received for publication January 7, 1955. 
In receipt of a grant from, and working under the auspices of, the W. H. Ross Foundation (Scotland) for the Study 
of the Prevention of Blindness. 
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manufacturer, and all three were issued with copies of the Schiétz graph. 
It is understandable that unanimity of readings, under such conditions, is 
unlikely. 


i Possible Methods of Calibration 

(1) Human eyes, living. 

(2) Human eyes, cannulated. 

(3) Rubber membrane manometers. 

(4) Detailed physical examination of instruments and analysis of effect of various 
instrumental defects on tonometer readings. 


(1) Human Eyes, Living.—The usual teaching is that the normal intra-ocular 
pressure is about 25 mm. Hg, but there is a tendency to regard the normal range 
of pressure as being quite small. Fig. 1 shows the distribution of the readings in 
a series of 377 apparently normal eyes. These figures were obtained with an 
American Standard Schiétz tonometer, using 7:5 g. on the plunger. The patients 
were those attending an out-patient department for some minor procedure, 
mostly for the removal of corneal foreign bodies. The average pressure is about 
24 mm. Hg, and the range from 10 to 40. This curve agrees with a similar one 
published by Friedenwald (1937). Very low figures are essentially meaningless, 
but it is worth stressing the little appreciated fact that of every hundred eyes 
showing no clinical evidence of disease, ten will give readings above 30 mm. Hg 
(Schiétz) and two or three above 35 mm. Hg. 


eves 


Fic. 1.—Distribution of intra- 
ocular pressure in 377 normal 
eyes. Standard Schidtz tono- 
meter, 7°5-g. load. 


NUMBER OF 








30 40 


* a 
*] 10 is 
INTRAOCULAR PRESSURE (mm Hg Schittr) 


For any tonometer working on the Schidtz principle the shape of the distribution 
curve can be assumed to be the same; though it will shift to right or left according 
to the behaviour of the particular instrument. It would be possible, therefore, 
to construct a fresh calibration curve for any tonometer by a statistical method. 
If the owner of a “‘ non-standard ” instrument were to take a series of readings 
from normal eyes, the results could be referred to a normal figure of 25 mm. Hg 
and a new Conversion Table constructed. The results would be increasingly 
accurate the larger the number of readings used. 
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(2) Human Eyes, Cannulated.—Using excised cannulated eyes, in a series of 
‘experiments lasting many years, Schidtz calibrated his tonometer, and so estab- 
lished the mechanical details of its construction. It would hardly be practicable 
to adapt this method to the problem of calibrating a large number of differing 
instruments. For each test a number of fresh human eyes would be required, in 
order to reduce the influence of the variable factor of ocular rigidity. 


(3) Rubber Membrane Manometers.—In view of the recent suggestion by 
Pollak and others (1952), working in Dublin, that rubber membranes could be 
used for calibration, an attempt has been made to reassess the position; Prof. 
Pollak has been kind enough to provide me with a replica of his own manometer 
which has been used in this work. 

The work of Friedenwald (1937) has made it clear that the reading obtained 
when a tonometer rests on an eye depends on a number of factors, one of which 
is the intra-ocular pressure. The other factors, summed up in the term “ ocular 
rigidity”, include the resistance of the ocular coats to deformation and 
stretching, and the resistance of the vascular bed of the eye to the expulsion of 
fluid by the massaging effect of the tonometer. The effect of these additional 
factors cannot be reproduced in a solid chamber covered by a rubber membrane 
and connected to a manometer. 

The majority of workers, including Schiétz himself and Posner (1943), have 
used rubber membranes to check the performance of tonometers of identical 
physical characteristics; they are agreed that it is for such a purpose alone that 
the use of these manometers is justified. 

A comparison was made between the behaviour of a standard American 
tonometer on the drum of the manometer with that of the same instrument on 
the eye, the curves for the readings on the eye being those of Schidtz. himself, 
slightly modified as a result of Friedenwald’s work on ocular rigidity. Next an 
attempt was made to recalibrate a tonometer on the rubber drum. 

In both sets of experiments the standard Schiétz curves were used to check the 
results obtained. 


(a) Behaviour of Instrument upon the Drum.—All readings were taken with a 
standard Schiétz tonometer (No. 5064, certified correct by the American testing 
laboratory). Under experimental conditions this instrument can be read to 
} division on the scale, and the average of several readings is taken for each point. 

Fig. 2 (opposite) shows the results obtained by plotting tonometer readings 
against the pressure within the drum (mm. Hg). All three curves show a similar 
form which differs from that of the standard Schiétz curves (Fig. 3, opposite). 


(b) Calibration of Unknown Instrument.—The Dublin workers have indicated 
that any tonometer can be calibrated against a standard instrument on a 
manometer. The fact that the shape of the curves obtained on a manometer 
differs from that of the standard curves may not therefore be of importance, 
provided that the relationship between the readings at the various weights and 
pressures remains the same, as in the case of the eye. (For example, if the standard 
instrument reads “1” on the drum and the unknown instrument reads “5” at , 
the same pressure, then the unknown instrument should read “5” on an eye if 
the standard instrument reads “‘ 1 ”’ on that eye). 

The two sets of curves (Figs 2 and 3) represent respectively the ascertained 
behaviour of the instrument on the drum and its accepted behaviour on the eye. 
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Fie. 2.—Standard tonometer. Relationship Fic. 3.—Standard Schidtz 
between scale reading and pressure on rubber conversion curves. 
membrane manometer. 5:5, 7°5, and 10-g. 

loads. 
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RELATIONSHIP BETWEEN READINGS AT DIFFERENT WEIGHTS, 
SCHIOTZ AND DRUM COMPARED 
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From these curves can be read off the relationships between the readings of the 
various plunger loads at different levels of pressure, either in the manometer or in 
the eye. These figures are set out in Table II. Fig. 4 (overleaf) shows the result of 
plotting the relationship between the readings with the 5-5-g. load and those 
with the 10-g. load, both derived from their behaviour on the drum and from the 
standard Schiétz curves. These readings disclose wide discrepancies between the 
behaviour of an instrument on the drum and its known behaviour on the eye. 

As a further step in the assessment of the membrane manometer as a possible 
means of recalibrating tonometers, a practical test was adopted, again using the 
American standard instrument. 

In any recalibration experiment of this type, it has been found difficult to 
assess the accuracy of the results. To check the results clinically would be possible, 
but a large number of readings would be necessary to ensure accuracy. The 
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availability of a standard tonometer having variable weights presents a possible 
solution. 

It must be assumed -that the Schidtz curves are correct, for they were based on 
detailed experimental work, and were 
later supported by mathematical analy- 

/’ sis of the factors involved by Frieden- 
wald (1937). 

For reasons which have already been 
discussed, to use a membrane mano- 
meter for calibration purposes, the rela- 
tionship between the readings of two 
tonometers should be the same on the 
drum as on the eye. The maintenance 
of this relationship would allow the 
known performance of the first tono- 
meter, having a reliable conversion 
curve, to be transcribed to that of the 
second, so permitting the construction 
of a conversion curve for the second, 
or “ non-standard ”’, instrument. 

With the American standard tono- 
meter, a series of readings were taken 
on the drum, with gradually increasing 
pressure in the chamber. At each level 
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° = - of pressure readings were taken with 
FONOMETER SCALE “READINGS (55g) '° two different weights on the plunger, 
5-5 and 10-g. 


Fic. 4.—Relationship between scale readings . . ‘ 
at different weights. Curve from manometer Using the standard Schiétz conversion 
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at this load were converted 
into mm. Hg (Schidtz) of 
intra-ocular pressure. It was 
then possible to draw a 
theoretical conversion curve 
for the 10-g. load, using the’ 
scale readings obtained on 
the drum. In effect, the 
5-5-g. load with its conver- 
sion curve was being used as 
the standard, while the 10-g. 
load represented the “ un- 
known” instrument whose 
calibration was desired. 
The calibration curve for 15 10 H 
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with the accepted Schidtz curve. The two curves are markedly dis-similar. 

These two experiments show that the relationship between the scale readings 
of the various weights, as obtained on the drum, are not the same as those obtained 
on the eye, and therefore suggest that a comparison between the results obtained 
on the drum and on the eye is misleading. 


(4) Analysis of the Effect of Various Instrumental Defects on Tonometer 
Readings.— When large numbers of tonometers of varying construction have 
been examined, as they have been in the testing stations in the United States, it 
is seen that the various deviations from specification occur at differing frequencies 
and that a single deviation may occur as an isolated defect in certain instruments. 

When this occurs it is possible to assess the effect of this particular defect on 
the behaviour of the instrument. Among the common defects found in the 
examination of tonometers there may be an incorrect total weight, wrongly curved 
test-block or foot-plate, or a faulty relationship between the length of the pointer 
and that of the hammer. It is this last which represents the “‘ magnification ” of 
the system. In a properly constructed instrument, each millimetre of movement 
of the pointer is produced by a 0-05-mm. movement of the plunger. . 

As a result of the accumulation of several years’ experience, American workers 
have been able to assess the influence that the presence of the commoner mechanical 
deviations may be expected to have on tonometer readings. After detailed 
physical examination of an instrument, therefore, mathematical correction factors 
can be applied, and a fresh conversion curve prepared. In this way, numbers of 
“ non-standard ”’ instruments have been salvaged to give readings approaching 
those of the reference standard instrument. These correction factors have been 
published by the American Academy of Ophthalmology and Otolaryngology in 
the “‘Decennial Report on the Standardization of Tonometers” (1954) ; their 
possible application to the problem of variations among tonometers in Great 
Britain is to be studied. 


Summary and Conclusions 


The possible methods of recalibrating inaccurate Schidtz tonometers are 
described. It is considered that a method involving detailed physical 
examination of the instruments, with application of mathematical correction 
factors to the standard conversion chart, is the most likely to be valuable; 
although a method based on a statistical analysis of the results of readings 
taken from a number of normal eyes may be useful. A rubber membrane 
manometer does not seem to offer a simple method of recalibrating an 
unknown tonometer. 

The problem is one of some complexity and a speedy solution is unlikely. 


Dr. F. W. Campbell has helped me with the analysis and arrangement of some of the yoniie 
published herein. For this help I am grateful. 
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HEREDITARY POSTERIOR POLAR CATARACT 
WITH REPORT OF A PEDIGREE* 


BY 
Cc. G. TULLOH 
London 


4 HEREDITARY, developmental, posterior polar cataract has been encountered 
in a North Country family and its descendants over five generations. It 
shows two unique features: progression and anticipation. 

Although several types of hereditary cataract have already been fully 
reported in the literature, only one satisfactory pedigree relating to posterior 


polar cataract has previously been recorded (Ziegler and Griscom, 1915). 
In the series of cases described in that pedigree, neither of these two features 


was demonstrated. 


Case Reports 


In the family reported here,. al) except three of those affected in generations 
Il-V were seen personally. The following cases demonstrate the clinical features 


of the condition: 


Case 1 (IV, 11), female, aged 29, was the first patient seen, and the hereditary basis 


of the cataract was established by tracing her relatives. 

She had had good vision as a child, but it had begun to deteriorate noticeably when 
she was aged about 24. When first seen, at the age of 26, the visual acuity in 
the right eye was 6/24 and in the left 6/60 correcied. Posterior polar cataracts were 
noted, and that in the left eye operated on successfully. 

Three years later, she presented asking for the right eye to be dealt with. On ex- 
amination, the vision had deteriorated to “ counting fingers”, and there was present a 
peculiar discoid posterior polar cataract, with fluffy white extensions through the 
posterior cortex towards the equator. There were also a few anterior cortica) punctate 
opacities (Fig. 1 a, 6, opposite). This eye was successfully operated on also. 

There were no other ocular abnormalities. 

Her daughter (V, 15), aged 34 years, had no cataract. 


Case 2 (IV, 7, elder sister of Case 1), female, aged 33, was said to have had cataracts 
since she was aged about 10, The vision in both eyes, especially the left, had deteriorated 


over the past 3 years, and was worse in bright light. 
On examination, the visual acuity in the right eye was 6/9 and in the left 6/60 corrected. 


Both eyes showed a discoid posterior polar opacity, together with fluffy white extensions 
in the posterior cortex running towards the equator. Im addition, there was a small 


opacity in the anterior cortex of each eye (Fig. 2 a, 4, and c, opposite). 
*Received for publication March 10, 1955. 
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HEREDITARY POSTERIOR POLAR CATARACT 


Fic. 1 (@) and (b).—Case 1 (IV, 11). 





Fic. 2 (a, 5, c).—Case 2 (IV, 7). 








376 C. G. TULLOH 
Case 3 (IV, 6, elder sister of Cases 1 and 2), female, aged 40, had had good vision 


when at school, but was found to have posterior polar cataracts when she was 25 
years old. At that time, she could not see well in bright sunlight. The cataracts were 
said to be stationary, but vision deteriorated until operation was called for 5 years ago. 
The visual acuity in the right eye was 6/36 and in the left 6/24 corrected, The right 
eye was operated on three times; after the third operation, a severe iritis developed, 
rendering the eye useless with no perception of light. 

The visual acuity in the left eye has remained the same, and this eye shows the 
typica) posterior polar discoid opacity with extensions (Fig. 3 a, b, opposite). 

This patient’s daughter (V, 11) aged 4 years, has no cataract. 


Case 4 (IV, 17, first cousin, son of a maternal aunt of Cases 1-3), male, aged 17, was 
noticed to hold things very close for reading when about il years of age. He was seen 
by an oculist, who said that cataracts were present, but no operation was advised. 

On examination, both eyes show the usual discoid posterior polar cataract with ex- 
tensions, and the visual acuity is 6/18 corrected in each eye. There are also small 
anterior polar pyramidal cataracts, with reduplication. The opacities are roughly 
symmetrical in both eyes (Fig. 4 a, b, and c, opposite). 

The boy also has some mental aberration, for he was backward at school, and 
was sent to a special home for 2 years. He is now unemployed. This might be due 
to his poor visual acuity, but is unlikely, since he can attain N.6 with each eye. 


Case 5 (III, 3, maternal aunt of cases 1-3, mother of Case 4), female, aged 44, 
began to notice visual deterioration when she was aged 20. Until that time she could 
read the smallest print. The sight became worse until, at the age of 24, the left eye 
was operated on. Since then, the sight in the right eye has continued to fail. 

On examination, the right eye shows a mature cataract with visual acuity of 
**hand movements’’, accurate projection, and two-point discrimination. The left eye is 

+100 
90°. 


aphakic, and the visual acuity is 6/9 with 
—0:50 
There is no other ocular abnormality. 


Case 6 (V, 12, daughter of Case 2), female, aged 11, was first noted to have poor vision 
at about 24 years of age. It gradually deteriorated until the age of 4, when she was 
seen by an oculist, who noted bilateral, saucer-shaped, posterior polar cataract, together 
with a few anterior and posterior cortical opacities in each eye. Both eyes were operated 
on successfully, and her corrected visual acuity is now 6/9 in the right eye and 6/12 in 
the left. Apart from the aphakia, there is no ocular abnormality. 


Case 7 (III, 1, mother of Cases 1-3, sister of Case 5, maternal aunt of Case 4, and 
maternal grandmother of Case 6), female, aged 64, had noticed the vision in the right 
eye gradually deteriorate since she was about 20 years of age.. She can now distinguish 
only ‘‘ hand movements”, on account of a mature cataract. The left eye was operated 
on for cataract when she was aged 46; it is now aphakic and the visual acuity is 6/24 
with glasses. 

When young, this patient’s vision was always poor in the daytime. 

For the other affected and unaffected members of the pedigree, satisfactory 
histories were available, together with clinical records in most cases. All the 
affected ones showed bilateral cataracts, gradually progressing from youth or 
early adult life onwards. 

In all those examined, no other ocular anomaly was discovered, and colour 
vision was normal. 

Case 4 showed an anterior polar cataract, which was probably incidental, and 
also some méntal aberration. 
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Fic. 3 (a, b).—Case 3 (IV, 6). 


TARRANT~ 
Fic. 4 (a, b, c).—Case 4 (IV, 17). 








378 C. G. TULLOH 


One unaffected case showed high myopia in one eye, with « divergent squint, 
whilst another showed an accommodative convergent squint due to hypermetropia. 

There was no evidence of a myotonic dystrophy or its associated features, and 
the social position of the different generations has remained unchanged. 


The genealogical tree of this family (Fig. 5) reveals that the pathogenic 
gene is an autosomal dominant, and that the original individual known to 
manifest the condition was heterozygous. It satisfies the criteria of an 
autosomal dominant as noted by Sorsby (1951): 


(a) direct transmission over at least three generations; 
(b) a frequency of approximately 50 per cent. of individuals affected; 
(c) no predilection for either sex. 


There is normal penetrance and complete expression of the gene. 


I | Li 
Lee 











Case7 
. "Cases 362 Case! 2 Coes =P s 6 
w 44 women onndmos 1 
1 2]3 fa 5 9 10 |i ]i2 3 14 15 16 I7 16 19 20 21 22 23 24 25 
Caseb 
x 6 


123456 7890OH 1 1 4 1 16 


Fic. 5.—Pedigree chart. 


Discussion 

Posterior polar cataract may be of several types, differing in their morpho- 
logical characteristics and age incidence, and secondary to and associated 
with other ocular abnormalities, both congenital and acquired. 

Of these types, only the congenital cataract has been definitely shown to 
have a hereditary basis, though a pre-senile posterior cortical cataract has 
been noted in several members of the same sibship; congenital posterior 
polar cataract associated with lenticonus and with persistence of the foetal 
vascular system has no genetic origin. 

The only extensive pedigree which has been reported is that noted by 
Ziegler and Griscom (1915). They state that the cataracts observed were 
congenital, but not whether the patients were seen in infancy; it is not 
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possible to say that the opacities were present at birth in such cases merely 
from their morphological characteristics. In addition, it is not stated 
whether the cataracts were stationary or progressive. 

In the present series, the morphology of the first formed posterior polar 
opacities is similar to that described by Ziegler and Griscom, namely, a 
roughly circular disk covering the central quarter of the posterior cortex 
and consisting of two or three concentric rings of opacity. The extensions 


arise from the anterior surface of this disc, and radiate forwards and out- 


wards towards the equator, parallel with the posterior lens capsule. They 
consist of fluffy white masses developing in the lens fibres. In one case, a 
bilateral anterior polar pyramidal cataract with reduplication was also 
noted, and some cases had a few punctate opacities scattered throughout 
the cortex. 

The age at which progression began in the present series of cases is a most 
interesting feature, and might be said to demonstrate the phenomenon of 
anticipation. In the third generation, appreciable visual loss did not begin 
until adult life, but in the fourth generation it began between puberty and 
adolescence, and in the fifth generation in childhood. 

It is suggested, therefore, that the original posterior polar opacities were 
congenital, but progressed by means of the “‘ extensions ” already described, 
the progression beginning at an earlier age in each succeeding generation. 


Summary 


A unique type of hereditary, developmental, posterior polar cataract of a 
progressive nature is described, with the report of a pedigree. 
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RETINAL IMAGE IN AXIAL AND REFRACTIVE 
AMETROPIA* 


BY 


JOSEPH I. PASCAL 
New York, N.Y. 


THERE are some features relative to the size of the retinal images in these 
two conditions which are of general interest, though they are rarely discussed. 

Axial Ametropia.—The “ basic” (blurred) retinal image is smallest in 
hyperopia, intermediate in emmetropia, and largest in myopia. The size 
of a blurred retinal image is best taken from the points in the diffusion 
circles at the extremities of the image where the nodal ray strikes the retina. 
We call this the “ basic” retinal image. The increase or decrease in size of 
the ‘‘ basic”’ image over its size in emmetropia is about 2 per cent. for 
every dioptre of error. When the correcting lens is placed at F, of the eye, 
the resultant clear retinal image in hyperopia and myopia is the same size 
as that in emmetropia. 

Refractive Ametropia.—The “ basic” retinal image is similarly smaller in 
hyperopia and larger in myopia than that in emmetropia. The decrease or 
increase in size is much less than in the axial type, being about 0-5 per cent. 
for every dioptre of error. In a medium grade of refractive error, say 4 D, 
this will amount to about 2 per cent. This statement is contrary to the 
general teaching of most texts, but it can be proved by calculating the position 
of the nodal point in refractive ametropia. 


If we use the reduced schematic eye and take 5-5 mm. as the radius of the 
“reduced” refracting surface in emmetropia, we find that the radius for 3 D 
of hyperopia is 5-79 mm., and that for 3 D of myopia is 5-24 mm. The 
percentage magnification or reduction of the “ basic” retinal image can be 
calculated from the displacement of the nodal point which is the centre of 
curvature of the reduced refracting surface. 5 

There are three nodal points to be considered. Their distances from the 
reduced refracting surface are 5-24 mm. (in 3D myopia), 5-5 mm. (in 
emmetropia), and 5-79 mm. (in 3D hyperopia). The corresponding 
distances form the retina are 16-21, 16-50, and 16-76 mm.. The retinal 
images are in the ratio of these distances from the retina, viz. 16-21 : 16-50: 
16:76. This causes a change in the size of the basic retinal image as 
compared with that in emmetropia. It causes an increase of about 0-5 per 
cent. in myopia and a decrease of about 0-5 per cent. in hyperopia for every 
dioptre of error. 

The correcting lens in axial ametropia changes the size of the “ basic ” 
retinal image. A plus lens enlarges it, a minus lens reduces it. But when the 
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lens is placed at F, of the eye, the final clear retinal image is the same size 
in hyperopia and myopia as in emmetropia. 

But it is quite different in refractive ametropia. The plus correcting lens, 
whether at F, or not, produces a clear retinal image larger than that in 
emmetropia by about 1-7 per cent. for every + 1 D of correction. The 
minus correcting lens produces a clear retinal image which is smaller than 
that in emmetropia by about 1-6 per cent. for every — 1 D of correction. 
The resultant clear corrected retinal images are not all equal to each other 
as they are in axial ametropia. 

In axial ametropia, magnification or reduction involves only one mode 
of comparison, the “ basic” blurred retinal image in ametropia, with the 
clear corrected retinal image in emmetropia or corrected ametropia. The 
images here are all the same size. In refractive ametropia there are two 
modes of comparison. One involves the magnification or minification of 
the “‘ basic” blurred retinal image in relation to the image in emmetropia. 
The other involves the magnification or minification of the clear corrected 
image in ametropia in relation to the image in emmetropia. 

In a sense then the patient who has refractive hyperopia has an advantage 
over the patient with an equal amount of axial hyperopia. In the refractive 
type the plus correcting lens enlarges the retinal image relative to its size 
in emmetropia, by about 1-7 per cent. for every + 1 D of correction. In 
the axial type the plus correcting lens produces a clear retinal image of the 
same size as in emmetropia. It is the reverse in myopia. The patient who 
has axial myopia has some advantage over the patient who has the same 
amount of refractive myopia. In the axial type the minus correcting lens 
produces a clear retinal image of the same size as in emmetropia. . In the 
refractive type the minus correcting lens produces a smaller retinal image 
than in emmetropia, the reduction in size being about 1 -6 per cent. for every 
—1 D of correction. 

These differences have some bearings on clinical practice. They help to 
explain the different reactions of patients having the same degree of ametropia, 
also variations in the degree of corrected visual acuity, and so on. 


Summary 

In uncorrected axial ametropia, the “‘ basic” retinal image is smaller in 
hyperopia and larger in myopia than that in emmetropia by about 2 per cent. 
for every dioptre of error. In corrected axial ametropia, the retinal image 
is the same size in all three conditions. 

In refractive ametropia the “ basic” retinal image is smaller in hyperopia 
and larger in myopia than that in emmetropia by about 0-5 per cent. for 
every dioptre of error. The correcting plus lens makes the retinal image 
larger in hyperopia and smaller in myopia than that in emmetropia by about 
1-7 to 1-6 per cent. for every dioptre of correction. These features place 
the refractive hyperope and the axial myope in a more favoured condition 
for effective seeing. . 
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CORRESPONDENCE 


DACRYOCYSTORHINOSTOMY | 


To the Editorial Committee of the British JOURNAL OF OPHTHALMOLOGY 


Sirs—Romanes (1955) has described an incision for this operation which is placed quite 
far forward on the side of the nose and is almost vertical. A rough picture of this incision 
has been shown in a recent book on plastic surgery together with an indifferent description 
of the operation, which has been absorbed, it seems, for no apparently good reason, into 
the widening frontiers of this branch of surgery. 


I feel challenged to defend the old incision which conforms to and is about 2 mm. 
medial to the curve of the anterior lacrimal crest. Most incisions in eyelid skin heal well 
and in a few weeks are invisible or almost so. Such is generally the case with a carefully 
made incision over the anterior lacrimal crest which has been accurately sutured in two 
layers.: The majority of such scars are quite inconspicuous. Mr. Romanes states that 
this curved incision “ is under tension as it is crossing a relative cavity. This condition is 
responsible for a tendency to the formation of keloid”. After the orbicularis muscle has 
been sutured, the skin edges become almost approximated and easily come together 
without the slightest tension. The cavity over which the orbicularis and skin are sewn is 
indeed quite “‘relative’’ when the depth of the wound is packed with gelatine sponge and 
a firm pressure dressing has been applied. 

Although I have not seen as many as fifty patients with the vertical incision at the side 
of the nose, those who have presented themselves for attention have all had a visible scar. 
Moreover this incision takes the operator either among or unpleasantly close to the 
angular vessels, whereas such a vascular embarrassment is avoided by the curved incision 
over the anterior lacrimal crest. 

I doubt the value of suturing a No. 3 Jacques catheter into the ostium. The results, 
about 90 per cent. relief from epiphora and discharge, are as good without the irritation 
of this intra-nasal foreign body as with it. The ostium may be kept clear of clots by 
gentle swabbing with cotton applicators moistened in ol. parolein when the necessity 
arises. The site of the anastomosis may be inspected either by illumination from a 
urethroscope or by Rycroft’s rhinostomy lamp. 

The presence of a catheter will not stop oedema around the end of the canaliculus which 
usually subsides in a week and permits the passage of a cannula for gentle irrigation of 
the anastomosis. 


Yours faithfully, 
H. B. STALLARD. 


81, HARLEY STREET, 
LonpDon, W.1. 
April 14, 1955. 
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BOOK REVIEWS 


The Year Book of the Eye, Ear, Nose, and Throat. The Eye. Edited by DERRICK VAIL, 
1955. Pp. 243. 57 figs. The Year Book Publishers, Chicago, U.S.A. 6§. 


The value of such a book is great. Its adequate editorship (and it is more than 
adequately edited) must be somewhat of a chore; but the tact, the time, and the writing 
are worth it. It is very pleasant (as a bed-side book, for example) to browse over the 
best of the literature that was published between January, 1954, “‘ through” (as the 
Americans have it) December, 1955. It recalls memories that, with the strange tricks 
that memories play, have side-tracked the well-trodden reflex paths in everyday use and 
have hidden themselves away; and once recalled they stay with us longer; moreover 
even with the best of intentions there are many things that most of us miss altogether 
and it is good to have the best of these collected and annotated. In the choice of article, 
as usual, the Editor has been wise; there is nothing of importance that he has missed. 

All this is good—in fact, excellent; but can we once again enter the same plea that we 
lodged in previous years? In the fullness of time we hope the young American civilization 
will evolve to a stage comparable with the older countries on the other side of the Ocean, 
and then those of us in this country who are Scottish will not be compelled to buy (for to 
buy is a “ must ”’) a volume half filled with strange information about noses, throats, and 
ears. Dr. John Lindsay’s appreciation of last year’s advances in these lowlier territories 
may be as good as Derrick Vail’s excellent résumé of our increasing knowledge of a much 
more noble organ; it is something, however, that in the book ophthalmology comes first. 


The Advanced Surgery of Cataract. By D. B. Kirpy. 1955. Pp. 271 138 figs, (22 col. pl.). 
Bibl. Lippincott, Philadelphia. (£11). 

Kirby’s “‘ Surgery of Cataract”, which appeared in 1950 (Ophthalmic Literature, 
4, 2739, 1950) and is now a well-known classic, has been followed by a companion volume, 
“The Advanced Surgery of Cataract”, published posthumously. This book deals 
with significant advances in cataract surgery. which have been made since the publication 
of its predecessor and the author’s mature consideration of technical minutiae and the 
cause and treatment of complications. Anaesthesia and akinesia are ‘fully discussed; 
the author advises, as a rule, general sedation, topical anaesthesia after a preliminary test 
for the efficiency or toxicity of the drug used, an injection of local anaesthesia anterior to 
the tarso-orbital fascia (in preference to a retrobulbar injection), and (usually) curarization. 
In intracapsular extraction the advisability is stressed of raising the corneal flap to see the 
iris and the lens directly as well as the zonule, and of performing a large peripheral 
iridectomy and inserting post-placed sutures (6—0 mild chromic gut): forceps should 
generally be used, the capsule being preferably grasped in the upper pre-equatorial region, 
and the zonule being separated, if necessary, by the direct action of a hook. As a general 
rule, intracapsular extraction is advised after the age of 30, and in younger patients extra- 
capsular extraction, an operation which may well be followed by aspiration of the soft lens 
matter through a cannule (1 mm. bore) inserted at a later stage through a paracentesis 
incision. The insertion of an acrylic lens is strongly deprecated and still relegated 
to the realms of animal experimentation. The complications of the operation as they 
affect the vitreous, retina, ocular tension, and so on, are also fully discussed. 

The book is luxuriously produced and illustrated; although the literature is well an- 
notated, it represents essentially the author’s own personal opinions, and with his vast 
experience and tireless life-study of all aspects of cataract surgery, psychological as well 
as physical, his opinions, which are always definitely expressed, are deserving of study. 
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NOTES 


FACULTY OF OPHTHALMOLOGISTS 
Officers, 1955 


At the Council meeting, the following officers were elected: 


President - - Dr. John Marshall 

Immediate Past President Mr. J. H. Doggart 

Vice-Presidents - . Mr. T. K. Lyle, Mr. J. R. Wheeler 
Honorary Secretary - Mr. E. F. King 


Honorary Treasurer - Mr. A. McKie Reid 


OPHTHALMOLOGICAL Society OF EGyPT , 
Officers, 1955 


The following officers have been elected to form the Council: 


President - ~ - Dr. Ismail Disouki 

Vice-President - - Dr. Fattouh Mohammed Fattouh 

Treasurer and Archivist Dr. Ahmad Abd El Rehim Fahmy 

Secretary = = = Dr, Sabri Kamel (Dar El Hekmah, 
42, Kasr El Ainy Street, Cairo) 

Assistant Secretary - Dr. Mohammed Tawfik Ismail 


V Pan-AMERICAN CONGRESS OF OPHTHALMOLOGY 


Tue Fifth Pan-American Congress of Ophthalmology will be held in Santiago, Chile, 
from January 11 to 17, 1956. 


Dr. I, C, MICHAELSON, D.O.M.S., F.R.S.P.S., Ph.D., has been appointed Head of the 


Department of Ophthalmology at the Hadassah University Hospital and Professor of 
Ophthalmology at the Hebrew University—Hadassah Medical School, Israel. 


ERRATUM 
British Journal of Ophthalmology (1955), 39, 237. In the article entitled “Dacryocystorhinos- 


tomy ” by G. J. Romanes, p. 238, |. 11, for with read without. 
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COMMUNICATIONS 


DOMINANT MACULAR DYSTROPHY* 
BY 
ARNOLD SORSBY anpD J. B. DAVEY 


Royal College of Surgeons of England and Royal Eye Hospital, London 


> IN contrast with recessive macular dystrophy of the type described by 

| Stargardt (1917), dominant macular dystrophy is not a well-recognized 
entity, nor are its features clearly defined. The present record of three 
families suggests that the affection may be symptomatically silent, or 
at any rate not particularly clamant, but that nevertheless it is sufficiently 
definite to be fairly readily diagnosed. 


Case Reports 


I. M. Famity (Pedigree Chart I).—In this family seven cases were observed in 
three generations in one branch, whilst a collateral branch showed two cases in 
two generations, the two latter presenting unusual features. 


Case 1, Percy M., aged 51 (III, 20, Pedigree Chart I), the proband. Vision is 
hand movements in each eye and the trouble dates back to about the age of 40 when 
vision failed rapidly in a few years. He holds that he can see better in the dark than 
in daylight, and states that his colour vision has always been poor. In both fundi 
(Fig. 1, overleaf) the background is normal, except for a mottled pigmentary 
reaction in the central areas. 


Case 2, Mrs. Emma M., aged 83 (II, 9), mother of Case 1. Her vision is 4/60 in 
each eye. This lady was a rather hostile witness; she knew that there was eye trouble 
in the family and seemed anxious to ascribe it to her husband’s side rather than to 
her own. She failed completely on the Ishihara test, but was remarkably good in 
naming colours. Her fundi (Fig. 2, overleaf), like those of her son, show a macular 
lesion of the mottled type. 


Case 3, William M., died at the age of 59 in 1949 (III, 17), brother of Case 1. Apaft 
from the history obtained from the family, a B.D.8 blind certificate form was traced 
and. showed that he was certified as blind from “ macular choroiditis ” in 1949 at 
the age of 54. The onset of the blindness was given as occurring at age 48 in the 
right eye, and at age 51 in the left. 


Case 4, Charles M., aged 56 (III, 18), brother of Case 1. This man has myopia 
of 15 D in the right eye and 5 D in the left eye. He states that with correction his 
sight was good until about the age of 35 when he noticed that his colour vision was 
defective and that his sight began to fail. His vision is now perception of light in the 
right eye and 3/36 in the left. A dark-adaptation curve shows reduction of both 
cone and rod sensitivity. Both maculae show disturbances of the same type as seen 
in Case 1. 

Case 5, Mrs. Lilian W., aged 53 (III, 19), sister of Case 1, gave a history of eye 
trouble beginning at the age of about 40. Vision was 6/60 in each eye; she failed 
entirely on the Ishihara test, and her fundi showed a loss of macular sheen. It was 
difficult to interpret the findings as she was undoubtedly an abnormal personality, and 
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PEDIGREE CHART I.—The M. family. 


the fundus lesion was minimal. 
Her history was, however, consis- 
tent with what is known of the rest 
of the family. 


Case 6, Mrs. E. B., aged 49 (III, 
21), a younger sister of Case 1. 
Vision was hand movements in each 
eye, with total colour defect on the 
Ishihara test; the patient had always 
been conscious of having defective 
colour vision. Her fundi (Fig. 3, 
opposite) are similar to those of the 
other affected members of her 
family. 


Case 7, Mrs. R. H., aged 24 (IV, 
15), daughter of Case 6. Vision is 
6/12 in the right eye with correction 
(—2 Dsph., —2 D cyl. at 150°) and 
6/6 without glasses in the left. The 
patient is not conscious of any diffi- 
culty, but the Ishihara test showed 
green deficiency, and the fundi 
(Fig. 4, opposite) showed a lesion 
similar to that of her mother, per- 
haps not so well defined. 


In addition to these’ seven cases, 
two further cases of defective vision 
were found in a collateral branch: 


Case 8, Mrs. Mary S., aged 86 
(II, 7), a sister of Case 2 (II, 9), the 
affected mother of the proband. 
Both fundi showed a central lesion 
considerably more marked than 
that seen in other members of the 
family. Fig. 5 (overleaf) shows the 
right fundus; the left eye is very 
similar. Vision was 1/60 in each 
eye (emmetropia), and her sight had 
been failing for over 20 years. Her 
father was reputed to have had 
similar trouble. 


Case 9, Mrs. Emily S., aged 61 
(III, 15), a daughter of Case 8, had 
a heavy central lesion (Fig. 6, over- 
leaf). Vision was 3/60 in each eye 
with correction (—8 D sph.); her 
sight was reported to have failed 
fairly rapidly from the age of 33 
years. She was unable to read any 
of the Ishihara plates. 
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Fic. 1. Fi. 2. 





Fic. 3. Fic. 4, 


Fics 1-4.—Macular lesions in the M. family (Pedigree Chart I), showing a man 
(Fig. 1, Percy M., aged 51 (III, 20), Case 1, proband], his mother [Fig. 2, Mrs. E. M., 
aged 83 (II, 9), Case 2], his sister [Fig. 3, Mrs. E. B., aged 49 (III, 21), Case 6], 
and his sister’s daughter [Fig. 4, Mrs. R. H., aged 24 (IV, 15), Case 7]. 

Note the essential similarity of the reaction over three generations. The ill- 
ustrations show the left eye; the right eye was similar in all cases. Vision is grossly 
pars all except the grand-daughter, aged 24. All these patients show gross 
colour defects. 


This family therefore shows clear evidence of the dominant transmission 
of a macular lesion over three generations. Excluding Cases 8 and 9, the 
lesion at the macula is similar to that seen in recessive macular dystrophy 
and could not be distinguished from it ophthalmoscopically. In the 
youngest member of this family the affection was silent, and the only sub- 
jective disturbance was the colour defect. The second generation in this 
group appeared to become conscious of failing vision at about the age of 
40, but they had apparently all experienced difficulty with colour either in 
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Fic. 5. Fic. 6. 


Fics 5 and 6.—Macular lesions in a — branch of the M. family (Pedigree 
Chart I), showing a mother [Fig. 5, Mrs. M. S., aged 86 (II, 7), Case 8], and 
her daughter [Fig. 6, Mrs. E. S., aged 61 (III, 15), Case 9]. The mother here is 
a sister of II; 9 (Case 2, Fig. 2), ‘the grandmother in the previous group. 

The macular lesions are much more extensive and their interpretation is un- 
certain. The right eye is shown; the left eye was similar in each case. 


childhood, or before the onset of the central visual disturbance. In the 
collateral branch the central lesion is so severe that one hesitates to regard it 
as a variant of macular dystrophy, but it is equally unsatisfactory to regard 
it as an entirely independent affection. 


II. S. Famity (Pedigree Chart II).—In this family there are three affected 
members; the proband is a child aged 10. No consanguineous marriages. 
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PEDIGREE CHART II.—The : family. 
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Case 10, Carol S. aged 10 (IV, 6), the proband, had vision 6/60 in each eye, not 
improved by glasses. Defective vision had been noted about 2 years previously in 
the course of a routine school examination. The dark-adaptation curves showed 
reduced sensitivity for both cones and rods. An anomaloscope test showed red 
deficiency; she was unable to read any of the Ishihara plates. The fundi (Fig. 7) 
show macular lesions indistinguishable from recessive macular dystrophy. 


Case 11, Mrs. Eva S., aged 36 (III, 3), mother of Case 10, first noted trouble at 
about the age of 20. She does not regard herself as handicapped and is learning to 
drive acar. She is emmetropic and her vision is 6/18 in the right eye and 6/12 in the 
left eye. She knows that she is not particularly good at colours. An anomalgscope 
test showed red deficiency and she failed on all the Ishihara plates. The dark- 


Clement Clarke Ltd., London 


Fics 7, 8, and 9.—Macular lesions in the S. family (Pedigree Chart II), ee 
[Fig. 2 Carol S., aged 10 (IV, 6), Case 10, proband], her mother [Fig. 8 

E. S., aged 36 (III, 3), Case 11], and her maternal aunt [Fic. 9, Mrs. D. . psa 
39 (Il, 2), Case 12). 
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adaptation curve showed deficiency for both cones and rods. Her fundi (Fig. 8) 
show macular lesions similar to those of her daughter, though not so well marked. 

Case 12, Mrs. Doris L., aged 39 (III, 2), and elder sister of Case 11. This patient 
is conscious of some trouble, but like her sister does not regard herself as seriously 
affected. She first became aware of some disturbance at about the age of 20. At 
school her eyes were passed as normal, but by the age of 30 she was known to have 
a fundus lesion. The anomaloscope showed green deficiency and her performance 
on the Ishihara test showed her to be green defective. Her dark-adaptation curve 
showed the same slight deficiency as that seen in her sister. Her fundi (Fig. 9) show 
a-macular lesion similar to her sister’s. Vision is 6/18 in the right eye, and 6/60 in 
the left. 


In this family two sisters in the late thirties therefore show macular lesions 
which have been present for some years, possibly some 15 years or more, 
without reducing central visual acuity substantially, except in the left eye of 
the elder sister. Subjectively the one disturbance of which they are con- 
scious and which could be demonstrated was a colour anomaly. The 
affected daughter of the younger sister shows, in contrast, not only the 
macular lesion and the colour anomaly, but substantial loss of visual acuity. 


Ill. H. Famity (Pedigree Chart III).—In this family there are four affected 
members in three generations. 


Case 13, Albert H., aged 40, (II, 4), the proband. When first seen the vision in 
the right eye was 6/18, in the left 6/12, not improved by glasses. He had been conscious 
of difficulty for the last 2 or 3 years. He had never experienced any nightblindness; 
the dark-adaptation curve showed a restricted cone component. Ophthalmoscopic- 

ally there was a mottled reaction 


at the macula in each eye (Fig. 10, 
opposite). On the Ishihara test 
4 AP performance was poor, inaccurate 


responses being given to all plates 
except 2, 3, 7, and 15; the anomaly 
was therefore rather more than a 
13 red-green defect. The visual fields 
were full, but there was a central 





CASE 
5 a, scotoma in each eye to white 





\ 1/2,000. 
Two years later central vision 
CASES had declined to 6/36 each eye. 
14 IS Case 14, Shena H., aged 13 
4 5 (III, 4), a daughter of Case 13. 
When first seen the vision in the 
PEDIGREE CHART III.—The H. family. right eye was 6/6, and in the left 
6/9, but the maculae were not 
above suspicion. The periphery of the fundus was rather albinotic. The visual fields, 
too, were full and no central scotoma could be detected. The dark-adaptation curve 
showed a normal cone component. She was not conscious of any difficulty, but on 
the Amsler chart (No. 4) there was a band of “‘scintillation” from the fixation point 
in each eye. On the Ishihara test her performance was almost identical with that 
of her father (Case 13), except that she failed on Plates 2 and 3 in addition. 
She subsequently developed partial optic atrophy in consequence of a rapidly 
growing brain tumour which was later operated on successfully. 
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Fic. 10. Fic. 11. 


Fics 10 and 11.—Macular lesions in the H. family (Pedigree Chart II), showing a 
man [Fig. 10, Albert H., aged 40 (II, 4), Case 13, proband], and his paternal aunt 
[Fic. 11, Mrs. R. S., aged 73 (1, 5), Case 16]. 

Cases 14 and 15, the two young daughters of II, 4 (Fic. 10), show macular mott- 
ling ype is not above suspicion, and also gross colour anomalies with retained 
central vision. 


Case 15, Julie H., aged 10, (III, 5), a younger sister of Case 14. Her vision was 
full; like her sister she was not conscious of any symptoms. Ophthalmoscopically 
the maculae were not above suspicion, and her performance on the Ishihara test was 
poor, almost identical with her father’s. 

Case 16, Mrs. Rose S., aged 73, (I, 5), a maternal aunt of the proband, Case 13. 
This patient was reputed to be affected and was found to have a gross central lesion 
in each eye (Fig. 11). Trouble first began at about the age of 40. Vision is now 
6/60. Fuller information could not be obtained. 


This family, which was difficult to follow up, does not appear to have had 
any other affected members. The proband’s father, who died at the age of 
43 from tuberculosis, was reputed to have had good sight. In this group 
four points of importance emerge: ~ 


(1) The earliest subjective feature is defective colour vision. 

(2) The earliest objective feature is an indefinite macular lesion. 

(3) With failing vision there is evidence of cone disturbance. 

(4) The lesion is presumably progressive to something more than the usual 
mottling of the macula; the appearances in I, 5 recall the appearances in the 
collateral branch of the first family. 


Discussion 
(1) Dominant Macular Dystrophy as a Clinical Entity.—These three families 


have these features in common: 


(i) A strictly localized central lesion, symmetrical in situation and extent in — 
the two eyes. 
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A 
(ii) An associated deficiency in colour vision—a red or green defect—is always 
present. 
(iii) In the first family only one of the affected members is now under the age of 
50. The history suggests that central vision began to fail at about the age of 40, 
but anomalies in colour vision were present very much earlier. In the one 


member under the age of 50—a young woman aged 24—the macular lesion and 


the colour anomaly are both present, without any loss of central visual acuity. In 


the second family two sisters both now under the age of 40 show macular lesions 
and the colour anomaly; and there is evidence that their central sight is failing, 


though so far only one eye has declined to 6/60. In the third family a colour 
anomaly appears again as the pointing symptom in childhood; failure of central 
vision does not apparently set in till about the age of 40; a gross atrophic central 
defect is apparently once again the end-stage. 

(iv) In dark-adaptation tests no family against expectation showed an obvious 
cone deficiency as an early sign. 

On the basis of these findings the suggestion emerges that dominant 
macular dystrophy is an affection in which the lesion is present ophthal- 
moscopically at some as yet undetermined age under 40—possibly many years 
before—and that colour anomalies are present simultaneously, or precede 
the onset of the ophthalmoscopic lesion. There is nothing to suggest that 
disturbance in the cone vision is an early diagnostic criterion. 

Two features that do not fit in with these findings are: 

(i) The severe central lesions observed in the two members of the collateral 
branch in the first family (Cases 8 and 9; II, 7, and III, 15), and in one member 
in the third family (Case 16; 1, 5). Apparently in some cases the end-stage is not 
mere mottling but a distinct atrophic reaction. 

(ii) The substantia) defect in central visua) acuity in the child in the second 
family (Case 10; IV, 6). Studied in isolation this child would justifiably be 
diagnosed as a ease of recessive macular dystrophy (Stargardt’s disease), even 
though the age at onset is rather below that commonly seen. Whether the lack 
of any history of fairly sudden loss of vision—as is seen in recessive macular 
dystrophy—and whether the rather early age at onset in this child are significant 
features in the differential diagnosis is uncertain. What is significant is that, if 
it be accepted that dominant macular dystrophy has a later onset and runs a 
milder course than recessive macular dystrophy, it must also be accepted that 


exceptions as to onset and severity do occur. 


(2) Differential Diagnosis from Total Colour Blindness.—Dominant macular 
dystrophy needs to be distinguished from congenital total colour blindness 
(day blindness). Here the marked photophobia, the congenital nature of 
the affection, the frequently present nystagmus, the macular lesion (not 
always readily seen ophthalmoscopically because of the photophobia and 
nystagmus), and the extensive colour anomaly constitute an unmistakable 
picture. Dominant macular dystrophy has many of these features in a mild 
form, but there is nothing to suggest that there is any clinical, pathological, 
or genetic relationship between the two affections—if only because in con- 
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genital total colour blindness the cones are at fault and the mode of in- 
heritance is recessive. 


(3) Differential Diagnosis from Other dominantly Inherited Macular Lesions. 
—The literature does not help much in establishing a clear clinical picture. 
There are a number of family records in which a macular lesion appears to 
have been inherited in a dominant manner. The earlier literature is reviewed 
elsewhere (Sorsby, 1940), and there are only a few further records (Damel, 
1948; Dollfus, 1948; Falls, 1949). It is obvious that these records do not 
concern a well-defined entity, but cover several different groups such as: 

(i) Best’s disease (probably a congenital affection) in cases observed in a 
German family by Best (1905) and subsequently by Vossius (1921), Weisel (1922), 
and Jung (1937). Falls (1949) observed a similar lesion in an American family. 

(ii) A widespread fundus lesion beginning as a macular lesion. Three such 
families are on record, and they all show that an initially macular lesion was 
merely the starting point (Tiscornia, 1926, and Damel, 1948: Sorsby, 1940, 
and Sorsby and Mason, 1949; Sorsby, 1940, and Sorsby and Davey, 1955). 
It is of interest that one of the sibships recorded by Stargardt (1917) as a reces- 
sive macular dystrophy [also showing outlying fundus reactions) proved at a 
follow-up in 1953 to consist of cases of a fairly widespread reaction [probably 
choroidal sclerosis] (Rosehr, 1954). 

(iii) A true macular dystrophy—i.e. a strictly localized central lesion without 


peripheral spread. The cases of Morelli (1924), Halbertsma (1928), Berkley 
and Bussy (1949), and some reported by Behr (1950), and possibly others 


(such as Clausen, 1921) probably belonged to this group. Colour anomalies 
were recorded by Behr (1920) in some members of his M. family; Halbertsma 


(1928) stressed colour anomalies, but it is difficult to be sure of their association 
with a macular lesion. (Central scotomata for colour were of course frequently 


noted in all forms of macular lesions). 


(4) Outstanding Issues.—It would seem that in future studies of dominantly 
inherited macular lesions special attention requires to be paid to three aspects: 


(i) The limitation of the lesion to the central area without extension peripher- 
ally with increasing age; 

(ii) The ophthalmoscopic appearances of such lesions; presumably they 
generally show as mottling, but occasionally exiensive central atrophic scarring 


may be present; 


(iii) The presence of colour anomalies—as distinct from central scotomata 


for colours—as a possible pointing feature of pathognomonic significance. 


Summary 
Macular lesions, ophthalmoscopically similar to those seen in recessive 
macular dystrophy. of the Stargardt type with its sharp localization, are 
recorded as presumably dominantly inherited. 
In the first family the lesion was observed over three generations. The 


ophthalmoscopic appearances in the grandmother at the age of 83, and in 
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» the grand-daughter at the age of 24 were fairly similar. Disturbances in 
colour vision were common to both these patients and apparently to other 
affected members of the family, but the degree of disturbance in visual 
acuity varied considerably; in the youngest member vision was still full. 
In a collateral branch of the family markedly more severe central lesions 
were observed in a mother and daughter. 

In the second family an essentially similar lesion was observed ophthalmo- 
scopically in two sisters and in a daughter of one of them. Here, too, colour 
anomalies were common to the:three affected persons, and it was only in 
the child that central visual acuity was grossly disturbed. 

In the third family a central mottled reaction was present in a man aged 
40 when central sight was beginning to fail, and in his two daughters, aged 
13 and 10 years, who showed full vision with mildly mottled maculae; all 
three showed gross colour anomalies. As in the first family, a severe central © 
lesion was present in a member of a collateral branch. 

The findings in these three families suggest that dominant macular 
dystrophy does not differ ophthalmoscopically from recessive macular dys- 
trophy of the Stargardt type. The differences lie in the mode of in- 
heritance and the mode of onset. As against the fairly sudden onset and 
rapid course of recessive macular dystrophy, the dominant variety of the 
affection has no sudden onset and may apparently be silent, or relatively 
SO, Over many years; in most cases it probably becomes subjectively manifest 
at about the age of 40 by decline in central visual acuity, though anomalies in 
colour vision are apparently present very much earlier. The dominant 
type appears to run a slower and milder course than the recessive type, and 
only exceptionally do severe disturbances occur early in life; it is apparently 
also exceptional that the macular lesion takes the form of a marked central 
scar. Whether anomalies in colour vision are a pointing symptom of 
pathognomonic significance still remains to be determined. 

Differentiation from congenital total colour blindness presents no difficul- 
ties, though many of the features of dominant macular dystrophy are mild 
variants of some of the essential symptoms of day blindness. The differential 
diagnosis from a dominantly inherited fundus affection beginning as a 
central lesion is indicated. 

Our thanks are due to Mr. S. H. G. Humfrey of Northampton for the great help he has given 
us in the study of the first (M.) family, who are under his care; we are also indebted to his 
associates, Mrs. N. M. Oughton and Mr. R. C. Jack, for their collaboration, and to Dr. Ruby 
Joseph for her help in investigating this family. We are obliged to Mr. Frank Law for kindly 


putting the second (S.) family at our disposal, and to Mr. D. W. A. Mitchell of the London 
Refraction Hospital for a similar service with the third (H.) family. 
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APPENDIX 
(1) The M. family 
The following information additional to that shown in Pedigree Chart I is available: 


a I 


James H., died aged 57, reputed affected. 
; Mrs. B., a sister, reputed affected. 
4. Wife of I, 1, reputed normal. 
5. Sister of i, 4, reputed normal. 


Generation II 


. Charles H., died aged 85, sae normal. 

Elizabeth H.., (married name not known), reputed normal. 
George H., reputed normal. 

Thomas H, reputed normal. 

Bill H., died aged 60, reputed affected. 

Hannah H., reputed normal. 

Mrs. Mary S., aged 85, affected, Case 8 in text (Fig.5). 

. Mr. S., husband of II, and son of I, 5, dead, reputed normal. 
Mrs. Emma M., aged 83, affected, Case 2 in text (Fig. 2). 
. Alice H., died young, reputed normal. 

. Mr. M., ‘died aged 60, reputed normal. 


= Ser Nye ey 


—— 


Generation III 
(1-3) Children of a man sep normal (II, 1): 


1. Mrs. Florence H., 74 
2. Mrs. Nellie P. aged os All examined and found normal. Colour vision normal. 


3. Mrs. Lilian H., aged 61 

(4-6) Children of a woman reputed normal (Il, 2): 
: _ org Sy ; } Reputed normal. 

(10-13) Children of a man reputed affected (II, 5): 


10. Ada H., died aged 50, reputed affected. 

11. James H., reputed affected. 

12. Horace H., reputed normal. 

13. George H.; some of the relatives thought this man had poor sight, they were more sure 
that his son’s sight | was bad. 


(15-16) Children of an affected woman (Il, 7): 


15. Mrs. Emily S., aged 60, affected, Case 9 in text (Fig. 6). 
16. Lilian S., died aged 2, reputed normal. 
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(17-22) Children of an affected woman (II, 9): 
17. William James M., died aged 59, affected, Case 3 in text. 
18. Charles M., aged 56, affected, Case 4 in text. 
19. Mrs. W., aged 53, affected, Case 5 in text. 
20. Percy M., aged 51, affected, Case 1 in text (Fig. 1). 
21. Mrs. E., aged 49, affected, Case 6 in text (Fig 3. 
22. Woman, seen by Mr. Howard Reed and found to be normal but myopic. 


Generation IV é 
(1-2) Children of a normal woman (III, 1): 
1. Ethel H., reputed to have poor sight. 


(3-7) The children of a normal woman (Ill, 2): 


3. Lilian P., aged 42, normal. Vision in the right eye 6/60 in the left ee of mont 
(myopia). This woman had cataract but normal fundi. Colour vision normal (Is 


9. Son of III, 13, a man reputed to have a poor sight, was also reputed to have a poor 
sight himself. 
10. Mrs. Emma M., aged 28, daughter of III, 15, an affected woman. 


14. Doreen M., aged 17, daughter of III, 20, an affected woman. Refraction -+2°25 D sph., 
6/6 each eye. Colour vision normal (Ishihara). 

15. Mrs. Rosemary H., aged 24, daughter of III, 21, an affected woman, is herself affected 
Case 7 in text (Fig. 4). 





(2) The S. family 
The following information additional to that shown in Pedigree Chart II is available: 


Generation I 
1. Mrs. N., later Mrs. B., mother of II, 1-5, nothing known about her sight. 


Generation II : 
1. Walter H., died aged 57, husband of II, 2, and tather of IIl, 1-4, nothing known about 


his sight. 
(2-4) Children of I, 1, by her first marriage: 
2. Elsie H., aged 64, refraction +3 D sph., 6/6 both eyes. Colour vision normal 


(Ishihara and anomaloscope). 
3. Ethel H., died aged 60. 
4. Frederick N., reputed normal. 


5. Edwin B., son of I, 1, by her second marriage. 


Generation III ~ 
(1-4) Children of a normal woman (II, 2): 


1. Mrs. Violet D., aged 40. 

2. Mrs. Doris L., aged 39, affected, Case 12 in text (Fig. 9). 
3. Mrs. Eve S., aged 36, affected, Case 11 in text (Fig. 8). 
4. Walter H., aged 30 


Generation IV 
(1-2) Children of a woman reputed normal (IIT, 1): 
1. Peter, aged 14. 
2. Ian D., aged 9. 
(3-5) Children of an affected woman (Ill, 2): 


3.. Michael L., aged 11. 
4. Glyn L., aged 9. 
5. Vanessa L., aged 1. 
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(6-8) Children of an affected woman (III, 3): 
6. Carol S., aged 10, affected, Case 10 in text, proband (Fig. 7). 


7. Margaret S., aged 7. 
8. Theresa S., aged 6. 


(9-10) Twin daughters of a man reputed normal (Ill, 4): 


9. Patricia H., nothing known. 
10. Christine H., was said to have a convergent squint and to wear spectacles. Nothing 


more known. 


(3) The H. family 
The following information additional to that shown in Pedigree Chart III is available: 


Generation I 
5. Mrs. Rose S., aged 73, affected, Case 16 in text (Fig. 11). 
7. Miss Gertie H., ** died of brain tumour ”’. 


Generation II 
(2-3) Children of an affected woman (I, 5): 


2. Vera..... aged 52. 
3. Ken S., aged 25. 


4. Albert H, aged 40 son of a man reputed normal (I, 6), affected, Case 13 in text, 
proband (Fig. 10). 


Generation Ill 
(1-2) Children of a woman reputed normal (II, 2): 


1. Stephen... . , aged 7. 
2. Pauline..... aged 5. 


3. Peter S., aged 3, son of a man reputed normal (II, 3). 


(4-5) Children of an affected man (Il, 4): 


4. Shena H., aged 13, affected, Case 14 in text. 
5. Julie H., aged 10, affected, Case 15 in text. 
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MODIFICATION OF THE AMPLITUDE OF THE HUMAN 
ELECTRO-OCULOGRAM BY LIGHT AND 
DARK ADAPTATION* 


BY 


J. FRANCOIS, G. VERRIEST, anp A. DE ROUCK 


From the Ophthalmological Clinic of the University of Ghent, Belgium. 
Director: Prof. Dr. J. Francois 


WHEN an electrode is placed on the cornea and another near the posterior 
pole of the eye (or elsewhere on the body) a standing potential is found 
(Kohlrausch, 1931; Marg, 1951). In vertebrates the cornea is positive in 
relation to the retina. The axis of this electrical system is approximately 
the same as the optic axis. If electrodes are placed near the eye and if the 
eye is turned, the electrode closest to the positive corneal pole will be positive 
in relation to the others. This recorded electro-oculographic response 
(EOG) depends on the angle and speed at which the globe rotates; it is 
independent of the action currents of the eye muscles, which are not re- 
corded. 

Fig. 1 shows a normal human EOG;; the electrodes are placed round the 
left eye, and when the patient looks to the right (MR) this eye is adducted 
and electrode (1) on the nasal side becomes nearer to the cornea and positive 
to electrode (3) on the temporal side; we obtain also an upward deflexion 
on the derivation 1/3. 











MR RM ML LM 
Fic. 1.—Electro-oculogram of Subject 2. Derivation 1/3. 
A. Before light adaptation. C. At the beginning of dark adaptation (increased). 
B. At the end of light adaptation (reduced). D. At the end of dark adaptation (again reduced). 





*Received for publication February 21, 1955. 
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The only communication relating to the modification of the human EOG 
by light and dark adaptation is that of Miles (1940). According to this 
author, there is a statistically valid augmentation of 0-38 mV when the 
illumination of the subject varies from 0-001 to 5 mL; each time the subject 
is submitted to a new illumination the amplitude of the EOG is modified 
for about 5 minutes and especially during the last 2 minutes. 

We have, for two reasons, made a new study of the eventual relation 
between the amplitude of the EOG and the state of adaptation: first, be- 
cause Miles’s results are not in agreement with those of Wulff and Freyburger 
(1948) using animals (according to these authors, the standing potential of 
the excised eye of a frog augments during dark adaptation, as does the 
b-wave of the ERG), and secondly, because Miles based his experiments on 
levels of illumination and not on thresholds of perception. 

Technique 

Light and Dark Adaptation—We used the Goldmann-Weekers adaptometer 
(2nd model). This apparatus consists chiefly of a hemisphere corresponding to 
the whole binocular visual field of the subject, who may thus be exposed to a 
global light adaptation which may be varied from 1,000 to 8,000 asb. 

During dark adaptation, we determined the global thresholds for white light 
{integral adaptometry with contrast only in time; duration of the bright ‘and 
dark phases: | sec.). 

Electro-Oculography.—We used non-polarizable silver electrodes attached to 
the skin with collodion. The skin was cleansed with ether and contact was aided 
with commercial electrode jelly. Three electrodes were placed round the left eye: 

(1) on the base of the nose near the inner canthus, 

(2) on the inferior orbital margin, a little to the nasal side of the sagittal plane of 
the eye, 
(3) on the temporal orbital margin, near the outer canthus. 

A distant electrode (4) was placed on the occiput. At different stages of the 
experiments, the subject performed four successive ocular movements, as rapidly 
as possible: 

(i) from the middle to the extreme right (MR), 
(ii) from the extreme right to the middle (RM), 
(iii) from the middle to the extreme left (ML), 
(iv) from the extreme left to the middle (LM). 

We used this technique in preference to limited excursions (e.g.. 30°) 
because the results are more constant. As a control these movements were per- 
formed in an uninterrupted series. An ink-electroencephalograph was used for 
the registration. 

Experiments.—With each subject we first took an EOG in moderate brightness, 
without pre-adaptation to dark or light (WA). Subjects 1, 2, and 3 were then 
light-adapted (2,000 asb. for 5 min.) and the eye movements were recorded im- 
mediately after the fifth minute (L1). The subjects were subsequently dark- 
adapted under adaptometric control and the EOG was recorded at different levels 





t 1 apostilb (asb)=1-0 10-! millilamberts (mL) = . 10-4 stilb (sb, 1 cd/cm?), if luminance and 
brilliance may be confused. 
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of adaptation, referred to in the Tables in log asb (D 2). The subjects were then 
again light-adapted and a new EOG was recorded (L 2). 

During the examination of Subject 4 we added between WA and L | a supple- 
mentary recording in moderate dark adaptation without previous light adaptation 
(D 1); we also followed the course of modification of the EOG for a few minutes 
after L 2, with Subject 4 in moderate brightness (return to normal: RN). This 
RN was also tested with Subject 2. 

During the examination of Subject 5, the EOG-modification during dark 
adaptation was measured, first without previous light adaptation (D 1), then after 
previous light adaptation of 2,000 asb. for 5 min. (B 2), and finally after previous 
dark adaptation of 4,000 asb. for 5 min. (D 3). 


Results 

The mean amplitudes of the deflexions of the EOG, all converted into pV, 
are given in Tables I to V and in Figs 2 to 7. The results concerning 
the ‘‘ monopolar” derivations 1/4 (nasal) and 3/4 (temporal) and the 
** bipolar ” derivation 1/3 are fully reproduced; we have calculated for each 
the absolute mean (m) and the fourth of the algebraic sum (6) of the 
deflexions; theoretically § must equal zero and the values given indicate errors 
due to irregularities of conduction and differences of amplitude of the 
movements. M is the mean of the two m corresponding to the “ mono- 
polar” derivations. The infra-orbital derivation 2/4 was only used to 
control the vertical components of the movements; we have given only the 
values of MR. The duration of the deflexions remained constant in all 
conditions and for all the subjects (almost 0-60 sec.); the amplitude of the 
deflexion is thus proportional to the resting potential, disregarding the 
extra-ocular factors. 


Conclusions 

(1) Light adaptation (2,000 asb, 5 min.) gives a decrease of amplitude of 
the electro-oculographic deflexions; after the end of a period in the dark, 
the deflexions become larger, so that the values are soon greater than before 
the light adaptation. 

(2) Dark adaptation after light adaptation is characterized by a fall in 
the EOG-amplitudes, which begins immediately after the rise which follows 
the end of the light adaptation; it is very rapid at first and becomes pro- 
gressively slower. At the end of the dark adaptation the EOG remains 
stationary or rises slightly, even if the perception threshold continues to 
decrease. One of the subjects was light-adapted successively at 2,000 and 
4,000 asb., and the modifications of the EOG were the same after these two 
different pre-adaptations. 

(3) If the subject was dark-adapted without preliminary light adaptation, 
the amplitude of the EOG-deflexions for a given threshold was markedly 
higher than when the subject was in the dark. 

(4) In contrast to the b-wave of the ERG, there is no constant relation 
between the thresholds of perception and the relative amplitudes of the 
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Fic. 2.—Subject 1. 


TABLE I 
SUBJECT 1 
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EOG;; since it is not possible to measure a true perception threshold without 
removing the adapting surrounding light, the study of the possible relation 
between the value of the resting potential and the threshold by means of EOG 
encounters insurmountable difficulties which are certainly partly due to non- 
controllable psychogalvanic reflexes. 

(5) It is recommended that the EOG should be used clinically in testing 
the motility of the eyes or as a functional test of the retina; it should be used 
in moderate brightness, without previous dark or light adaptation. 
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EXPERIMENTAL APPROACH TO THE PATHOGENESIS 
OF RETROLENTAL FIBROPLASIA* 


Ill. CHANGES IN THE EYE INDUCED BY EXPOSURE 
OF NEWBORN MICE TO GENERAL HYPOXIA 


BY 


LARS J. GYLLENSTEN anp BO E. HELLSTROM 


From the Histological Department of the Karolinska Institute (Chief: Prof. G. Haggqvist), and 
the Pediatric Clinic, Karolinska Sjukhuset (Chief: Prof. A. Wallgren) 
Stockholm, Sweden 


A vast literature has accumulated on the strong correlation between exposure 
to high concentrations of oxygen during the postnatal care of premature 
babies and the development of retrolental fibroplasia (for reviews of the 
literature see Francois and others, 1954; Gordon and others, 1954; Henry, 
1954; Ingalls, 1954; Lanman and others, 1954; Patz, 1954). Changes in the 
eye, similar to those seen in human retrolental fibroplasia, have also been 
produced experimentally by exposing young animals to high cencentrations 
of oxygen (Gyllensten and Hellstrém, 1952, 1954, 1955; Ashton and others, 
1953, 1954; Patz and others, 1953). 

The role of oxygen, however, is not yet clear, and oxygen cannot be the 
only cause of the disease. Exline and Harrington (1951), Lelong and 
others (1952), and Zacharias and others (1954) found no obvious correlation 
between oxygen treatment and subsequent retrolental fibroplasia. A few 
cases are known of retrolental fibroplasia in stillborn infants (Reese and 
others, 1952) and in children who were never given any extra oxygen 
(Coxon, 1951; Bembridge and others, 1952). 

These objections to the theory of oxygen poisoning as the only cause of 
retrolental fibroplasia would be explained if it could be demonstrated that 
oxygen is not the immediate cause of the disease but acts by way of an 
intermediate mechanism that can be provoked in exceptional cases by other 
agents. 

Clinical observations (Szewczyk, 1951) tended to demonstrate that in the 
early stages of retrolental fibroplasia oxygen-induced changes in the eye 
develop after the transfer from a high concentration of oxygen to normal 
air, and that the changes regress if the child is given oxygen again. Szewczyk 
(1951, 1952, 1953) suggested that the disease depended on relative anoxia, 
which is supposed to occur as a sort of adaption disease when the child is 
rapidly transferred to normal air. Similar views have been propounded by 
many workers, including Jefferson (1952), Crosse and Evans (1952), 
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Bedrossian and others (1954), Francois and others (1954), Ingalls (1954), 
and Manschot (1954). The fact that the retinal vessels contract when the 
animal or human being is breathing concentrated oxygen (Huerkamp and 
Rittinghaus, 1950; Huggert, 1953; Ashton and others, 1954) apparently sup- 
ports the theory of “hyperoxic hypoxia”. A retarding of the development of 
retinal vessels in growing mice incubated in concentrated oxygen was observed 
by Gyllensten and Hellistrém (1954), and an obliteration of retinal vessels in 
other animals in similar conditions was demonstrated by Ashton and others 
(1954). These changes in the retinal vessels may cause a local hypoxia in 
the retina when ‘the subject is transferred to normal air after a period in 
oxygen. Experimentally, the rapid withdrawal from a high oxygen atmos- 
phere has been shown to be highly. provocative of changes in the eye akin 
to human retrolental fibroplasia (Gyllensten and Hellstrém, 1954; Ashton 
and others, 1954). It is, however, also possible that a hypoxic condition of 
the retina develops during the stay in oxygen, which could be explained by 
an oxygen-induced interference with the enzymatic systems, especially in 
the oxidation of carbohydrates (Himwich, 1953). The breathing of pure 
oxygen produces severe oedema and other changes in the lungs (Gyllensten 
and Hellstrém, 1954), which may interfere with normal respiration and 
cause a general hypoxia. 

Further evidence of the possible effect of hypoxia on the development of 
retrolental fibroplasia are experimental anomalies of the eye in mice and 
rats produced by exposure to hypoxia during the foetal period (Werthemann 
and others, 1950; Ingalls and others, 1952). These changes are produced 
at earlier stages of development than those corresponding to viable prema- 
ture human babies, and the changes are not the same as those of retrolental 
fibroplasia, though certain similarities exist. 


The early stages of human retrolental fibroplasia consist mainly in 
abnormal overgrowths of retinal vessels. It is well known that hypoxia 
stimulates the growth of vessels in many organs (for review see Stickney and 
van Liere, 1953) and also in the eyes (Huerkamp and Opitz, 1950; Huerkamp, 
1952; Opitz, 1952). The growth of the retinal*vessels is designated not 
hyperplasia but hypertrophy (Opitz, 1952), which implies a difference from 
the most characteristic vascular changes in retrolental fibroplasia. 


The effect of general hypoxia on the growing retina of experimental 
animals has been studied by Ashton and others (1954) and Patz 
(1954). These series, however, included only a very small number of 
young (six in the experiments of Ashton and others, and two in those of 
Patz), and the oxygen concentrations were not sufficiently low (10-15 
per cent.) to have much effect on the oxygen saturation of haemo- 
globin, especially having regard to the high saturation coefficient of the 
haemoglobin in foetal and newborn animals compared with that in adult 
animals (Barcroft, 1946). Ashton and Patz and their colleagues found no 
changes in the retinal vessels related to the changes of retrolental fibroplasia. 
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The aim of the present work was to study the influence of severe general 
hypoxia on the postnatal development of the eyes of young mice with special 
regard to the eye changes previously found in young mice exposed to high 
concentrations of oxygen (Gyllensten and Hellstrém, 1954). 


Material and Methods 

Newborn litters of inbred black mice (stock C 57 BL/6 Roscoe B. Jackson Memorial 
Laboratory, Bar Harbor, Maine) were used. This strain has a low frequency of spon- 
taneous eye anomalies (Gyllensten and Hellstrém, 1955). The animals were fed on a 
mixture of dry milk, yeast, oats, wheat, rye, corn, and bread, with cod liver oil, ferric 
citrate, potassium iodide, calcium carbonate, sodium fluoride, manganese sulphate, and 
added salt. 

The exposure to hypoxia took place in air-tight cages of 27 1. volume. The exposure 
was initiated with a flow of pure nitrogen, diminishing the oxygen content of the cage 
down to 5 to 6 per cent. within 20 to 30 minutes. A mixture of 3 per cent. oxygen in 
nitrogen was then streamed through the cage at a flow of 0-5 1./min., lowering the oxygen 
content in the cage down to close upon 3 per cent. The oxygen concentration was 
thereafter checked once or twice every hour with a Beckman oxygen analyser. The 
relative humidity was 80 to 90 per cent., the temperature about 24°C. The duration of 
the exposure was measured from the start of the pure nitrogen flow. At the end of the 
exposure, air was rapidly introduced, bringing the oxygen content to normal atmos- 
pheric values within a few minutes. The duration of a period of exposure ranged from 
3to 10 hrs. On an average 5 to 7 hrs’ exposure continuously or divided into two periods 
was administered daily. The total duration of hypoxia varied between 3 and 144 hrs. 
The mother animals were separated from the litter during the exposures as their survival 
in the low oxygen concentration was limited to 2 hrs. 

Altogether 249 newborn animals from 32 litters were used, but only a small number 
of them survived the intended exposure. The mice were killed between the first and 
22nd day of life with 0-5 ml. 20 per cent. urethane intraperitoneally. The middle part 
of the head with the eyes was fixed, decalcinated, embedded, sectioned, and stained as 
previously described (Gyllensten and Hellstrém, 1954). 

Results 

Only 44 animals survived the intended duration of hypoxia, which points 
to the fact that the oxygen concentrations used were, as a rule, not tolerable 
for any longer period of time. In addition, 28 animals, which died spon- 
taneously during the hypoxic conditions but were prepared immediately 
after death, were included in the material. The duration of hypoxia in 
these 72 animals is set out in the Table. 

During hypoxia the young mice were cyanotic and dyspnoeic. Their 
general activity was reduced to a minimum and the animals were as a rule 
lying motionless. Some of those which died developed convulsions. Those 
surviving seemed to recover within a few minutes of the introduction of air, 
without any persisting neurological symptoms. The older animals subjected 
to repeated periods of hypoxia suffered to some extent in their nutrition, at 
least partly because Of the separation from the mother. 


Microscopic Examination of the Eyes.—The regression of the hyaloid 
vessels seemed to occur to a normal extent and at a normal rate in the 
experimental animals. The vascularization of the nerve fibre layer, as 
judged by the outgrowth of angioblasts and vessels from the disc and by the 
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occurrence of a marginal vessel close to the ora serrata, was not accelerated, as 
compared with the control animals (Gyllensten and Hellstrém, 1954). The 
separation of the nuclear layers by the development of the outer plexiform 
layer seemed to be completed a little later (11 to 14 days) than in the control 
animals (10 to 11 days). 

The most conspicuous changes were haemorrhages originating from 
partly dilated vessels in the nerve fibre layer and occasionally breaking 
through the internal limiting membrane into the vitreous body (Fig. 1). 
Small single haemorrhages in the nerve fibre layers were rarely found 
in control animals (Gyllensten and Hellstr6m, 1954), but the high incidence 
in these experimental animals subjected to hypoxia (22 out of 72) and their 
multiple localization is definitely pathological. Their incidence was not 
higher in animals which died spontaneously in hypoxia. The haemorrhages 
were frequently bilateral and could also be seen bulging down into the 
inner plexiform layer with scattered red cells in the deeper layers of the 
retina (Fig. 2). The shortest duration of hypoxia, after which a retinal 
haemorrhage was observed, was 18} hrs. No obvious correlation could be 
found between a longer total duration of hypoxia and the incidence of 


haemorrhages (Table, opposite). 





Fic. 1.—Retina of mouse, 8 days old. Ex- Fic. 2.—-Retina of, mouse, 11 days old. Ex- 
posure to 3 per cent. oxygen since birth for 3 posure to 3 per cent. oxygen for 6 hrs every 
to 6 hrs every day (total 42 hrs). day since birth. 

Haemorrhage in nerve fibre layer breaking Haemorrhage in nerve fibre layer bulging into 
into vitreous body. x 133. inner plexiform layer. x 133. 


In No instance were hyperplastic changes of the vessels in the nerve fibre 
layer, or the formation of capillary tufts budding into the vitreous body, 
observed. 
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TABLE 
DURATION OF HYPOXIA AND INCIDENCE OF HAEMORRHAGE 














: Number of Animals with 
bins Duration of Haemorrhages from —_ taco of 
yPpoxia (hrs) Retinal Vessels in Nerve mals 
Fibre Layer 

~ 24 4 12 

25 - 48 9 22 
49 — 72 5 16 
73 - 96 4 13 
97 -120 0 0 
121 -144 0: | 9 
Total | 22 | 72 





In addition to these findings minor irregularities of the nuclear layers and 
small sharp folds of the outer layers of the retina were observed in some 
cases, but this is a frequent finding in control animals (Gyllensten and 
Hellstrém, 1954). 

Discussion 

These microscopic changes in the eyes of the experimental animals essen- 
tially consisted in haemorrhages originating from frequently dilated retinal 
vessels. They occurred in from one-third to one-fourth of the cases. The 
leakage from these retinal capillaries is apparently a result of hypoxic injury 
to the capillary wall. Capillary bleeding in various tissues and organs is a 
frequent finding in both human and animal pathology in severe hypoxic 
conditions. In the present investigation no attempt was made to find 
bleeding in organs other than the eye. 

The absence of any signs of hyperplasia of the retinal vessels, as judged 
by the outgrowth of newly-formed vessels into the vitreous body or into the 
deeper layer of the retina, seems to be significant. Such vascular hyperplasia 
is a basic finding in the early pathology of retrolental fibroplasia. Thus the 
theory that this hyperplasia is caused only by genera) hypoxia is not sup- 
ported by the present findings. This is in accordance with the experimental 
findings of Patz and others (1953). Ashton and others (1954) described 
the vascular engorgement of the retinal vessels in kittens as a result of 
continuous hypoxia (10 to 15 per cent. oxygen) for periods of 4 to 13 days. 
In one anima) a localized area of increased angioblastic activity was found, 
which was probably outside the upper limits of normality. 

On the whole, in our experiments, the changes in the eyes after hypoxia 
were much less conspicuous than those seen after hyperoxia. The latter 
include, in addition to the retinal vascular changes, abnormal persistence of 
hyaloid vessels, vitreous bleedings, and thickening and irregularities of the 
retinal [ayers (Gyllensten and Hellstrom, 1954, 1955). In hypoxia, in 
contrast, the histological picture of the eye is normal apart from the bleeding. 

The animals were exposed to the low oxygen concentrations in periods of 
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about 5 to 7 hrs daily. . The possibility remains that a more continuous 
exposure would have given a different result. On the other hand, the 
hypoxia provoked was intense as reflected in the high mortality and the 
poor condition of the surviving animals during the exposure. It is alse 
possible that the poor condition of the mice had a depressing influence on 
the formation of new vessels, 

The morphological picture of the retina during these hypoxic conditions 
revealed no signs of impaired nutrition or of insufficient oxygenation which 
would have been severe enough to cause any gross cellular damage. In 
vitro studies have demonstrated anaerobic glycolysis in the retina exposed to 
low oxygen concentrations (Craig and Beecher, 1943). This mechanism 
might also be responsible in vivo for the relatively unimpaired metabolism 
during hypoxic conditions. 

These considerations do not justify the conclusion that hypoxia plays no 
role in the pathogenesis of retrolenta) fibroplasia. It is true that the animal 
experiments so far presented favour hyperoxia as the most important 
environmental factor. According to Gyllensten and Hellstrém (1954) and 
Ashton and others (1954), however, the proliferation of retinal vessels does 
not occur while the animals are still in the high oxygen environment. The 
vaso-proliferation occurs as a second phase, when the animals are withdrawn 
from the abnormal oxygen atmosphere. A conceivable theory that hypoxia 
should accelerate or intensify this vaso-proliferative phase is not supported 
by the findings in Ashton’s experiments. In spite of the lack of positive 
experimental evidence that postnatally induced hypoxia plays a role in the 
development of the disease, several significant clinical observations seem to 
indicate such a connexion. Thus the occurrence of conditions known to 
be able to interfere with normal oxygenation of the premature infant 
(anaemia, interstitial pneumonia and other infections, and hyaline mem- 
branes) and simultaneous progression of the disease have been described 
(Szewezyk, 1951, 1952, 1953; Ingalls, and Purshottam, 1954; Bedrossian 
and others, 1954; Manschot, 1954). Although the child may still be under 
treatment with oxygen when progression of the retrolental fibroplasia 
occurs, there is no guarantee that the child is well oxygenated. That 
general hypoxia should be the only factor of importance in the aetiology of 
retrolental fibroplasia is, on the other hand, not probable, in view of the 
frequency with which clinical signs of insufficient oxygenation occur in 
premature babies who do not develop the disease. 

Thus evidence from the present and previous animal experiments indicates 
that the experimental disease in animals is a complex mechanism wherein 
neither pure hyperoxia nor pure hypoxia is solely responsible. The same 
is probably true of the retrolental fibroplasia in premature babies. It is, 
however, possible that a local hypoxia caused by retinal ischaemia may be 
more intense than the general one and thus influence the development of 
retrolental fibroplasia. 
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Summary 


(1) Newborn mice were exposed to 3 per cent. oxygen for 3 to 10 hrs 
a day during 1 to 22 days, and the eyes were examined histologically. 
(2) In 22 out of 72 animals haemorrhages from retinal vessels occurred 


in the nerve fibre layer. 
(3) Besides an apparent dilatation of vessels in the nerve fibre layer, no 


vaso-proliferative or other changes were produced similar to those found 
in human retrolental fibroplasia or in mice exposed to high concentrations 


of oxygen with a subsequent stay in air. 
(4) It is concluded that general hypoxia is not a sufficient factor in the 


genesis of the oxygen-induced disease of the mouse eye, which has previously 
been described and which exhibits similarities to human retrolental fibro- 


plasia. 


This work was aided by grants from the Swedish National Medical Research Council. 
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RARITIES IN OCULAR SARCOIDOSIS* 


BY 
M. KLEIN, R. J. CALVERT, W. E. JOSEPH, anp E. SMITH 
Whipps Cross Hospital, London 


OcuLaR involvement in sarcoidosis is both varied and frequent (Longcope 
and Freiman, 1952). The incidence is about 30 to 40 per cent. (Levitt, 
1941 ; Woods and Guyton, 1944; Gifford and Krause, 1949 ; Longcope 
and Freiman, 1952). Almost all the structures in and around the eye may 
become involved: skin of the eyelid, eye muscles, orbit, uvea, and optic 
nerve. The commonest lesion is uveitis, which is usually painless and 
bilateral and may be accompanied by nodules on the iris. The parotid 
gland may be involved concurrently with either the lacrimal gland or the 
uveal tract, producing the syndromes of Mikulicz or Heerfordt respectively. 
Moreover, cerebral sarcoidosis (Colover, 1948; Pennell, 1951; Aszkanazy, 
1952; H66k, 1954) may lead to puzzling ocular and peri-ocular symptoms. 


The present report relates to two patients with unusual eye signs. Both 
had unilateral optic atrophy; the first had also episcleral (subconjunctival) 


- nodules in each eye, and the second had a calcareous cataract and eventually 


secondary glaucoma. 


Case Reports 


Case 1, a housewife, aged 34, was admitted for splenectomy in February, 1949. The 
spleen extended to the left iliac fossa, and there was an associated constant dragging 
pain. Histological studies gave evidence of sarcoidosis (Stengel-Wolbach spleen). 
The patient had enjoyed good health until 1947, when she began to complain of lassitude, 
frontal headaches, giddiness, tinnitus, intermittent blurred vision, and redness of the 
eyes. These were not attributed to hypertension (150/100) but to an intracranial lesion, 
possibly disseminated cerebral sarcoidosis. From August, 1950, onwards she was rarely 
free from retro-orbital headaches, bursting in character, worse in the morning and on 
stooping, and 3 months later these were accompanied by vomiting which was unrelated 
to food and provoked by mere head-movement. 

She was next seen in October, 1950, at the Eye Department, when she complained of an 
exacerbation of burning pain and redness in the eyes. 


Visual Acuity: 6/6 in each eye. 


Episcleral (subconjunctival) sago-like nodules on the temporal and nasal sides of the cornea in 
the palpebral fissures (Fig. 1 a, 6, opposite). 





*Received for publication March 4, 1955. 
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(a) 


(b) 


Fic. 1.—Localized hyperaemia 
and small sago-like nodules in the 
conjunctiva in the palpebral fis- 
sure. The photograph was taken 
with a flash-light and the reflec- 
tion is*broken up by the nodules. 
The nodules were clearly seen by 
slit lamp. 





A further striking feature was swelling of pre-auricular and cervical lymph-nodes, one 
of which on biopsy gave confirmatory evidence of sarcoidosis. Moreover, a biopsy from 
the conjunctiva showed a giant-cell reaction which, although not typical of sarcoidosis, 
was considered (Figs 2, 3, 4, and 5, overleaf) to show the early stage of the disease. The 
episcleral deposits and surrounding hyperaemia slowly subsided but had a tendency to 
flare up. The interesting histological features of these conjunctival lesions have been 
fully discussed elsewhere (Ashton, 1954). 

In July, 1952, the patient was re-admitted to hospital. She now complained that she 
was blind in the left eye. No nodules were present on the iris or retina. 


Visual Acuity: 6/6 in the right eye and counting fingers in the left. 

Visual Fields: right, normal; left, grossly impaired. 

Pupils: right, normal; left, direct reaction to light absent but consensual reflex present. 
Convergence reflex intact. 

Fundi: right, normal; left optic disc somewhat blurred. 

The remaining cranial nerves were intact, apart from bilateral partial nerve deafness. There 
were no cerebellar, meningeal, or peripheral nerve signs. 

Wassermann Reaction: Negative. 

Mantoux Reaction: Negative at 1/1,000. 


Treatment with topical cortisone, streptomycin, para-aminosalicylic acid, and later 
with calciferol, proved ineffective. 
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Fic. 2.—Folded conjunctival tissue show- Fic. 3.—High-power view of giant cell 


ing mild subepithelial inflammatory reaction engulfing hyaline material. P.A.S. stain 
and irregular pieces of hyaline material shows this to be muco-protein in nature. 
scattered diffusely under basement epithe- Haematoxylin and eosin. x 120. 


lium. Large giant cells are engulfing this 
material. Haematoxylin and eosin. X72. 





Fic. 4.—High-power view of Fig. 2. Fic. 5.—High-power view of Fig. 2. 
Haematoxylin and eosin. X270. Haematoxylin and eosin. X270. 


The vision in the left eye remained unchanged and the optic disc became pallid. More- 
over, incipient deterioration in the visual acuity of the right eye was now noted. 


In September, 1952, the patient was transferred to Charing Cross Hospital (under 
Dr. Elliott) for systemic cortisone therapy aimed at restoring the failing vision in the 
right eye. During the course of cortisone (100 mg. intramuscularly daily) the vision 
in the right eye improved to 6/18, but that of the left was unaltered. After 7 weeks this 
treatment was suspended because of incipient uraemia. During this period the blood 
urea value rose from 31 to 129 mg. per cent. but it declined to 78 mg. per cent. a fortnight 
later. Cortisone administration was then resumed, but a month later increasing azo- 
taemia again enforced its cessation. Fortunately the vision in the right eye was main- 
tained and it later improved to 6/6 without further treatment. 


Case 2, a housewife, aged 62, was admitted in November, 1947, after a fall. A rib- 
fracture was suspected but not demonstrable radiologically. She had, however, typical 
cutaneous sarcoidosis, which she stated had been present for fully 10 years. It had 
never led her to seek medical advice. She could recall no previous illness apart from 
failing vision in both eyes for the last 3 years, during which’she had had nine operations 
on her right eye and one on her left eye. 
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Through the courtesy of Moorfields Eye Hospital the following ophthalmic observations 
since 1946 were made available : 


In 1946 she had a dacryocystectomy followed by a cataract operation on the left eye. On 
discharge the visual acuity in the right eye was perception of light only, and in the left eye, 6/36. 
A previous iridectomy had been performed on the right eye, probably because of old iridocyclitis, 
and the left eye had a keyhole iridectomy, was aphakic with a clear gap, and had an iris coloboma 
veining below. A reflux of pus from the right lacrimal sac had necessitated its excision in 

r, 1946, 


When seen in 1947, the patient was pallid and frail. She had striking lupus pernio, 
consisting of a violaceous, lichenified, non-ulcerated plaque above the tip of the nose. 
Both arms showed many bluish, round and oval lesions of variable size up to one inch 
in diameter, with pale centres. These were considered to be Darier-Roussy sarcoids. 
There was no superficial lymphadenopathy. The respiratory system was normal apart 
from tenderness over the site of the recent injury. Other systems were normal except 
that the tip of the spleen was just palpable. 

She remained in hospital for one month for investigation of the sarcoidosis. 

The x-ray film of the chest showed signs of chronic bronchitis but not of sarcoidosis; that of 
the right hand revealed cystic changes in the phalanges suggestive of sarcoidosis in agreement 
with the histological appearances of a biopsied dermal lesion. 

Mantoux Test: Negative at 1/10,000 but positive at 1/1,000. 

Erythrocyte Sedimentation Rate: 45 mm./1 hr (Westergren). 

Wassermann Reaction: Negative. 


She was re-admitted to hospital in February, 1949, for calciferol treatment of the 
cutaneous lesions. She then complained of low back-ache which subsided in one month 
without special treatment. 

The physical signs were unchanged except for hypertension (160/105). Radiological investi- 
— showed no change in the lung fields, lumbar osteo-arthritis, and a normal intravenous 
pyelogram. 


In April, 1949, calciferol treatment (50,000 units three times a day) was begun. 

Just before this hypocalcaemia (serum calcium 7:5 mg. per cent.) and after 3 weeks’ treatment 
hypercalcaemia (13-7 mg. per cent.) were noted, with anorexia, epigastric discomfort, and 
constipation. Treatment was suspended for one month, by which time the abdominal symptoms 
had abated and she was almost eucalcaemic (11-6 mg. per cent.). Therapy was re-started, but 
2 weeks later hypercalcaemia (16-0 mg. per cent.) was again manifested by considerable abdominal 
pain, nausea, and vomiting, necessitating prompt cessation of this treatment. 


A month later the serum calcium level had reverted to normal (10-5 mg. per cent.). 
The dermal lesions had shown a partial response to treatment. 


In April, 1950, she was seen at the ophthalmic out-patient department on account of 
rapidly failing vision. 

A keyhole iridectomy was seen at 12 o’clock in the right eye, and a long vertical gap from 
iridectomies at 6 and 12 o’clock with aphakia in the left. 

Fundi: Right eye not seen because of calcareous cataract of the lens, accompanied by a band- 
shaped corneal opacity; left eye showed optic atrophy with patchy pigmentary changes. 

Oe. Acuity (with glasses): Right eye poor perception of light with faulty projection; left 
eye 6/36 

She was admitted to hospital for a third time with early congestive cardiac failure 
which cleared in one month on the Kempner rice diet. 

In April 1954, she was admitted to the ophthalmic ward with secondary glaucoma 
of the right eye. Fig. 6 (overleaf) shows the central area of the face at this time. 


Visual Acuity: Right eye no perception of light; left eye 6/36 (with glasses). 
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Fic. 6.—Case 2, central features of the face, showing nasal lupus pernio and lack- 
lustre appearance of right eye. 


The ocular signs were unchanged from those described for April, 1950, except that 
the ocular tension in the right eye was now very high. Excision of this blind and painful 
eye was carried out. It showed histological evidence of inactive uveitis and of anterior 
synechiae but no signs of recent sarcoidosis. F 

Discussion 

The observations on our two patients meet the requisite rigid diagnostic 
criteria for sarcoidosis. The literature contains few instances of so many 
unusual ocular signs as are shared by these two cases. Optic atrophy 
(Cases 1 and 2), chorioretinitis (Case 2), and secondary glaucoma (Case 2) 
are uncommon. In the largest series (Longcope and Freiman, 1952), 
comprising 53 cases of ocular sarcoidosis, glaucoma was recorded only 
twice and chorioretinitis and optic atrophy once each. 

Binocular episcleral nodules (Case 1) and calcareous cataract (Case 2) 
deserve more detailed comment. The former occurred once in the large 
series cited, but the latter does not appear to have been recorded. As 
illustrated in Case 1, episcleral nodules have a predilection for the site 
overlying the insertion of the recti muscles, and episcleritis is an unusual 
accompaniment. 

The explanation for the calcareous cataract in Case 2 is obscure. It 
might be an example of dystrophic calcification, but alternatively, itis recog- 
nized that metastatic calcification can be a complication of spontaneous or 
therapeutically-induced hypercalcaemia in sarcoidosis. However, since 
hypercalcaemia was demonstrable only during the phase of calciferol 
therapy, spontaneous hypercalcaemia is virtually excluded. Again, this 
calcific change was apparent only long after the two short courses of 
calciferol, when the patient was eucalcaemic. This calcareous lesion is 
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therefore best explained as being due to dystrophic calcification, which was 
undoubtedly predisposed to by advanced degenerative ocular changes, a 
view supported by the later histological study of the affected eye. 

_ Concerning therapy, cortisone is indicated in ocular sarcoidosis when 
visual acuity is endangered. The beneficial effect of systemic cortisone 
appeared to be shown in Case 1. The rapid deterioration in the vision was 
arrested during cortisone therapy, after: other conventional forms of treat- 
ment had had no effect. The hazards of both cortisone and calciferol 
therapy are well illustrated in our case reports. 


Summary 

The frequency and classical types of ocular sarcoidosis are briefly surveyed. 
‘Two patients are described with rare signs, including binocular episcleral 
nodules, optic atrophy, and unilateral calcareous cataract. These features 
are discussed. 

The hazards of calciferol and cortisone therapy are discussed. The 
failing vision in the first patient’s right eye improved during systemic 
cortisone medication, whereas the left eye remained blind. 


We are indebted to Dr. F. A. Elliott, Charing Cross Hospital, for permission to refer to later 
notes on Case 1. Our thanks are due to Drs. N. Ashton, C. Raeburn, and W. W. Walther for 
histological reports, to Dr. Yeter Hansell, of the Medical Illustration am Institute of 
Ophthalmology, for Figs 1-5, and to I. Haunt for Fig. 6. 
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OPTIC NEURITIS CAUSED BY ARSENICALS* 
TREATMENT WITH B.A.L. 


BY 
C. OEHNINGER, R. RODRIGUEZ BARRIOS, anp C. A. GOMEZ HAEDO 


From the Medical Clinic “‘ A” of the Faculty of Medicine (Professor J. C. Garcia Otero), 
Montevideo, Uruguay 
THE use of pentavalent arsenicals in the treatment of syphilis in its different 
phases has recently diminished, and in consequence accidents due to arsenic 
toxicity have become fewer. 

Two cases with optic neuritis produced by “ Stovarsol” were greatly 
improved by the administration of B.A.L.t, which offers a useful remedy 
in accidents that may still occur when the syphilologist considers that 
arsenical treatment must be applied. 


Case Reports 

Case 1, a man aged 24 had had a genital lesion 5 years previously. 'When examined he 
showed a positive Kahn test with a negative Wassermann reaction and a weak positive 
globulin reaction in the spinal fluid with 0-43 g. albumin per litre. A series of “ Stovar- 
sol” injections was started (1 g. daily). These were suspended on the 18th day because 
the patient presented with subjective visual disorders (cloudy vision) and in this condition 
was admitted to hospital. After the first injections he had had transitory fever and 
exanthema. A week later his general condition was good, and the skin and mucosae 
were well coloured. He was apyretic, with normal pulse and blood pressure. 
Neurological signs in the trunk and extremities were normal. 

Optic Nerve.—The visual fields on admission (4 July, 1952) are shown in Fig. 1. Colour 


LEFT EYE RIGHT EYE 


Fic. 1.—Case 1, visual fields on admission, July 4, 1952. 


*Received for publication January 26, 1955. 
f British Anti-Lewisite, provided by Boots Pure Drug Co., Ltd., Nottingham. 
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vision was normal. 


Fundus examination showed a slight pallor of both papillae. Visual 


acuity in the right eye was 0-5, and in the left 0-7. The ocular movements were normal. 
Cerebrospinal Fluid.—Three examinations were made (Table). 


TABLE 
CEREBROSPINAL FLUID EXAMINATIONS 





Tests 


On admission 


After One Week 


After One Month 





Albumin (g. %) 
R. of Pandy 
Cytology 
Glucose 
Chloride 
Wassermann 
Colloidal Gold 


Negative 
Negative 








1-50 
++ 
12 


Negative 
Negative 





0-75 
“h 
5 


Negative 
Negative 





Blood Tests.—Wassermann negative and urea normal. 

Red cells 4,090,000-Hb 78 per cent.-globulin 0-97; white cells 8,800 (granulocytes neutro- 
philic 77 per cent., eosinophilic 3 per cent., basophilic 0 per cent.; monocytes 3 per cent.; 
lymphocytes 17 per cent.). 

Progress.—Treatment with antihistaminic drugs and vitamins was given, and the 
cerebrospinal fluid improved in successive examinations, but the visual fields remained 
unchanged and the patient complained of orbital headaches. 


As the ocular symptomatology did not improve, B.A.L. was administered at: the rate 


of 300 mg. for 4 days and 200 mg. for 3 days (in all eighteen injections during one week). 
Immediate subjective and objective improvement was observed. Fig. 2 shows the 
increase in the visual field which was noted on August 22, 1952, at the expense of an 
eccentric extension of the peripheral temporal “isoptre”’. Fig. 3 (overleaf) shows the visual 
field a year later, when only a small improvement is seen in relation to Fig. 2; at this date 
apart from the ocular damage the patient was normal. 


LEFT EYE RIGHT EYE 


Fic. 2.—Case 1, visual fields on August 22, 1952. 








S578 FURL 1 LPM FIL ® 


as 


SIE BSE 2is 28 -G 5 


424 C. OEHNINGER AND OTHERS 


LEFT EYE RIGHT EYE 









Fic. 3,—Case 1, visual fields on July 29, 1953. 


Case 2, a man aged 43 years, had relapsing syphilis with persistent cerebrospinal fluid 
changes in spite of intense treatment with penicillin and bismuth; the syphilologist decided 
to administer “ Stovarsol ” at the rate of 1 g. daily, and twenty injections were given. On 


the 14th day the patient complained of cloudy vision. He had a past history of eye disease; 
an attack of chorioretinitis juxtapapillaris which had affected his vision 10 years before 


had been attributed to focal infection of the throat. 
Clinical Examination.—His general condition and nervous system were normal. 


Optic Nerve.—Fig. 4 (20 April, 1953) shows a contraction of the visual fields similar to 
that in Case 1. The visual acuity was normal in both eyes, 
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Ric. 4.—Case 2, visual fields on admission, April 20, 1953. 
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Fundus Examination.—The right eye showed a deeply excavated disc with incomplete 
atrophy. The left eye showed a gross scar of an old superior nasal chorioretinitis, and 
an excavated and atrophic disc principally in the nasal sector, : 

Blood and Cerebrospinal Fluid.—Norma\. 


Progress.—Six weeks after the Stovarsol series was finished, treatment with B.A.L. 
was begun with one daily injection of 100 mg. for 20 days. As in the first case an evident 
subjective and objective improvement was obtained, and enlargement of the visual fields, 
at the expense of the peripheral temporal “ isoptre ”, was observed (Figs 5 and 6). 
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Fic. 5.—Case 2, visual fields on April 24, 1953. 


LEFT EYE 
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Fic. 6.—Case 2, visual fields on July 6, 1953. 
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Discussion 

Both patients presented an ocular syndrome: 

(1) Subjective manifestations described by the patient (cloudy vision). 

(2) Characteristic field changes, showing extreme contraction to a narrow 
oval shape with depression of the superior and inferior nasal sectors and a 
wedge in the temporal sector. 

(3) Preservation of visual acuity. 

(4) Ophthalmoscopic alterations: 

Case 1 showed pallor of both papillae. 
Case 2 showed excavated and atrophic papillae with a scar from old chorio- 
retinitis. 

This clear disagreement between the marked narrowing of the visual 
fields and the preservation of a reasonable degree of visual acuity (indicating 
normality of the macular region), with absence of optic atrophy at least at the 
beginning of the process, is characteristic of the optic neuritis produced by 
pentavalent arsenicals. 

The peripheral field, except the papillo-macular region, is altered simultan- 
eously and symmetrically in both eyes. This feature of the ocular syndrome 
excludes the possibility of optic atrophy of syphilitic origin in these two 
cases, since syphilitic involvement of the optic tract entails diminished visual 
acuity as well as narrowing of the visual fields and optic atrophy. 

Other reasons in favour of the hypothesis of arsenical poisoning in our 
patients are: 


(a) The rapid development of the ocular manifestations after several in- 
jections of Stovarsol; in both patients they appeared towards the end of the 
series of injections. 

(b) The close relation of the beginning of the ocular symptoms to arsenical 
treatment. The changes began with this treatment and remained stable 
when it was discontinued until B.A.L. was administered. 

(c) The possibility of a Herxheimer reaction is excluded as that should 
appear after the initial arsenical injections. Case 1 presented early symptoms 
and cerebrospinal fluid alterations that might have been attributed to a 
Herxheimer reaction, but these symptoms gradually receded, and the toxic 
reactions due to arsenical treatment came later. 


After treatment both patients were enabled to carry on their usual oc- 
cupations, whereas before the advent of B.A.L. arsenical optic neuropathy 
offered a poor prognosis (Walsh, 1947; Merritt and others, 1946; Dattner 
and others, 1944). 

Friedenberg (1947) published the first observation of visual recovery after 
treatment with B.A.L. in a patient with optic neuritis provoked by Try- 
parsamide, and we have found no other reference to this form of therapy 
in the literature. 
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Sloan and Woods (1936) distinguish two clinical evolutive forms in 
arsenical optic neuritis: 


(a) Subjective symptoms corresponding to the early stage which may be 
reversible (cloudy vision or shimmering). 


(b) Objective symptoms, which may be acute (involving blindness) or 
chronic. 


The second and more common form was presented by our two patients 
with characteristic field changes. ; 

The mechanism by which the optic nerve is attacked by the pentavalent 
arsenicals is unknown. Lees (1932) thought it to be a form of Herxheimer 
reaction, Lillie (1924), arguing from an autopsied case, thought that it was 
due to a process of syphilitic perineuritis. Walsh (1947) thought it could not 
be a form of retrobulbar neuritis because of the characteristic field changes, 
and suggested that the lesion might be located in the peripheral fibres of the © 
geniculate bodies; Merritt and others (1946) localized the lesion in the 
ganglionic cells of the retina rather than in the optic nerve. 

It seems that previous damage to the optic nerve disposes it to attack by 
arsenicals. Sézary and Font-Réaulx (1932), Sutherland-Campbell (1940), 
Merritt and others (1946), and Walsh (1947) say that arsenotherapy is con- 
traindicated whenever there is a previous lesion of the optic nerve. Di 
Bello and Rodriguez Barrios (1945) extend this contraindication to lesions 
of the “‘infundibulo tuberiana”’ region; Lillie (1924), on the other hand, 
had suggested that a previous lesion of the optic nerve might be improved 
by pentavalent arsenotherapy since the latter was beneficial in neurosyphilis. 

It should be noted that our two patients did not improve until about 2 
months after receiving B.A.L. which seems to indicate the persistence of the 
metal at the point affected. We cannot be sure whether the beneficial 
effect of B.A.L. is due to its known mechanism of forming atoxic bodies 
with the metal, which are then eliminated by the organism, or to its action 
on cellular respiration and on the non-specific enzymatic mechanism, as 
recently observed in non-metallic neuritis by Furmanski (1946), Nielsen 
(1950), and Kane (1952). 


Summary 

In two patients with optic neuritis caused by ‘ Stovarsol” used in anti- 
syphilitic treatment, marked improvement was obtained with B.A.L. The 
characteristic ocular picture of arsenical neuritis, the predisposing causes 
of the lesion, and the manner of action of B.A.L. are discussed. 

The favourable results in these two patients show that we now possess a 
therapeutic element of great efficacy, but a periodical check by an eye 
specialist during arsenotherapy should not be omitted. 
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CASE NOTES 
DICTYOMA* 


BY 
ROSS G. S. MALONE 
From the Department of Pathology, The Queen’s University of Belfast 


THE term medullo-epitheliomata is applied to a group of tumours arising 
from the medullary epithelium of the primitive neural tube and its derivative, 
the primitive retinal epithelium. Medullo-epitheliomata of the brain are 
extremely rare (Biggart, 1949). Bailey and Cushing (1926) mention but two 
examples in their series, both arising from the region of the third ventricle, 
where the floor plate and roof of the primitive neural tube persist into adult 
life. | 

In the eye, tumours of this group arise usually from that portion of the 
derived medullary epithelium which borders the more highly differentiated 
retina, the pars ciliaris retinae. A number of tumours arising from this part 
of the eye was analysed by Fuchs (1908).. He considered them to be 
medullo-epitheliomata, but divided them into two main groups. One, 
consisting of four cases, he termed dictyomata; these tumours mimicked 
embryonic retina. The other group consisted of a variety of tumours which 
did not go so far as to produce retinal.elements, but showed various epithelial 
formations resembling other portions of the derived medullary epithelium of 
the optic vesicle. The tumours of the first group, the dictyomata, were col- 
lected from four authors who had previously published accounts of their 
pathology. Badal and Lagrange (1892) had considered their specimen to be 
a carcinoma; Emanuel (1900) had suggested the term ‘ glioma pars ciliaris 
retinae’; Verhoeff (1904) had coined the word ‘ teratoneuroma ’ to describe 
his example; Kuthe and Ginsberg (1905) called their specimen a ‘ malignant 
epithelioma ’. 

Since the publication of Fuchs’s classic paper on the subject, further in- 
stances of the occurrence of this tumour have been recorded (Velhagen, 
1919; Redslob, 1923; Satanowsky, 1928; Soudakoff, 1936; Satanowsky and 
Cramer, 1938; Schepkalowa, 1938, 1941; Klien, 1939; Czukrasz, 1941; 
Imre, 1941; Rubino, 1941; Andersen, 1948; Fralick and Wilder, 1949; 
Gasteiger, 1950). The total number of recorded cases is probably less than 


‘a score. Andersen (1948) considered that seven of his 22 cases should 


probably be excluded. Descriptions vary considerably and some cases e.g. 
those of Greeves, 1911) might be more profitably included in Fuchs’s second 
group. Other possible cases (Stanworth, 1951) are unfortunately devoid of 
pathological details. A general picture of the nature of this tumour can be 
obtained from a study of the more detailed reports in the literature (Klien, 
1939; Imre, 1941). 





*Received for publication March 14, 1955. 
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Dictyomata have been described with the following features: 


(1) Cellular membranes resembling embryonic retina. 

(2) Membranes closely resembling the ciliary epithelium. 

(3) Areas of rosette formation, as in neuro-epithelioma and retinoblastoma. 
(4) Pigmented epithelium. 

(5) Areas of neuroglia. 

(6) Islets of cartilage. 


The tumour is rare, and the following example is recorded here for this 
reason and also because it demonstrates well the varied histological features 
and reveals a hitherto unreported degree of malignancy. 


Case Report 

One morning in 1951, the patient, then a child aged 3 years, awoke to find her left eye 
swollen, bloodshot, and tender. The swelling at this time did not affect the cheek. The 
child retched several times during the next few days. She was admitted to hospital with 
a provisional diagnosis of angioneurotic oedema. The symptoms and signs gradually 
diminished and a fortnight later the patient was discharged with her eye ‘ almost normal ’. 
Since that time she had had attacks of pain in the left eye at intervals of about 6 months, 
each lasting a few days. Her mother thought the child had little or no vision in the eye 
at this time. A more persistent attack of pain began in November, 1953, and the patient 
was referred for neurosurgical opinion to the Royal Victoria Hospital, Belfast. 

On examination the left eye was slightly depressed and abducted, the upper and lower 
eyelids were swollen, and the eyeball seemed slightly larger and softer than normal. On 
ophthalmoscopy a pigmented mass was seen on the lower anterior part of the retina, the 
anterior margin could not be seen, and the posterior margin did not reach the disc. 
Tortuous dilated veins and dilated arteries were visible to the left of the tumour, and 
the disc was partly obscured by a retinal detachment. There was vague perception of 
light, and slight proptosis of the eyeball. Upward and outward movements of the eye- 
ball were limited. A faint diffuse bruit was heard over both sides of the forehead. 
X-rays of the skull and orbit revealed no abnormality. The ocular lesion was considered 
to be an angioma with possibly a further orbital angioma causing the proptosis and bruit. 

In March, 1954, the child was admitted for angiography; the eye had then become more 
prominent, a firm palpable tumour could be felt behind the eyeball, and it was decided 
to carry out further investigations. 

The Wassermann reaction and Kahn test were negative. 

The electroencephalogram revealed a normal record. Left carotid angiogram: ‘ The 
circulation was rapid and the arterial phase was poorly shown. There was, however, no 
evidence of an orbital angioma ’. 

It was therefore decided to explore the orbit, and an operative transfrontal exploration 
(Mr. Taylor) revealed that the lacrimal gland was enlarged and was attached at its lower 
end to a firm tumour which seemed to fill the muscle cone. About one-third of the tumour 
had been resected when it became obvious that the growth was widely infiltrating all the 
muscles. The operation was left at this stage as a decompression until it was known 
whether or not radiotherapy would be of value. 

The biopsy material included a normal lacrimal gland, a capillary haemangioma, and 
small fragments of a tumour which was then considered to be probably a mixed tumour 
of the lacrimal gland and insensitive to x-rays. Orbital exenteration was advised and 
carried out (Mr. Corkey and Mr. Taylor), but the tumour was found at operation to be 
infiltrating beyond the orbit. 

Recovery from these operations was, at first, uneventful. However, in July, 1954, 
the patient was seen again, and was then complaining of left frontal headaches and 
vomiting, these symptoms having commenced some 3 weeks previously. A nodule was 
noted in the back of the left eye socket, the right disc was slightly swollen, and there was 
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a suspicion of a right temporal hemianopia. The child was again admitted to hospital. 
Distended veins became apparent over the frontal region, signs of increased intracranial 
pressure became marked, and the tumour recurrence in the left orbit increased in size. 
At the end of July, 1954, to relieve the distressing symptoms of increased intracranial 
pressure, a Torkildsen’s operation (ventriculo-cisternostomy) was performed (Mr. C. A. 
Calvert). 

In the post-operative period there was a distinct improvement in the child’s condition, 
but deterioration soon set in again and over the next 4 months she gradually lapsed into 
unconsciousness. The orbital recurrence of the tumour grew, ulcerated, and bled, 
forming a large fleshy protrusion from the orbit; it extended on all sides into the soft 
tissues and there was tumour present in the left temporal region. The child died on 
November 1, 1954. 

Post-mortem Report.—The body was that of a thin child of about 6 years. There was 
an ulcerated rounded tumour mass occupying the left orbit. The left cheek and temporal 
region were swollen. Hydrocephalus was present, there was mild proptosis of the right 
eye, and in the position of the biparietal burr-holes there were two small, fluctuant swell- 
ings, 2 cm. in diameter. The abdominal and thoracic viscera showed no significant 
macroscopic abnormality. 

The skull was thinned by hydrocephalus; underlying it, the cerebral convolutions 
were flattened, there was herniation of brain tissue through the burr-holes. The brain 
was difficult to remove as it was bound to the base of the skull by invading, partly necrotic 
tumour. Most of the anterior and middle lobes were involved basally. The base of the 
skull showed extensive tumour growth, stemming from the left orbit and invading the 
ethmoids, the nasal cavity, right orbit, both middle fossae, the sphenoid sinus, and the 
sella turcica. Tumour was present in the left temporal soft tissues extending directly 
downwards to involve the parotid gland on that side. 


Histology 
The tumour shows a variety of features, the most striking being the formation 
of cellular membranes composed of irregular rows of elongated cells with dis- 
tinguishable cell borders. These sheets of cells or cell membranes have on one 
surface a limiting membrane which borders a space (Figs 1 and 5). Mitoses are 


Fic. 1.—Cellular membrane 
lining space which contains 
hyaline droplets. A limiting 
membrane is evident. Haem- 
atoxylin and eosin. x 150. 
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Fic. 2.—Showing gradation 
of cellular membrane into a 
cuboidal epithelium. Haema- 
toxylin and eosin. x 100. 


Fic. 3.—Typical rosettes in 
dictyoma. Haematoxylin and 
eosin. x 375. 


frequently seen in relation to this limiting membrane. The other surface borders 
more solid portions of the tumour, loose connective tissue, or structureless eosino- 


philic material (Fig. 5). These cellular membranes have no regular shape; they 
are twisted, indented, large and small, merging on the one hand into epithelium of 


a simpler type only one cell thick and composed of cuboidal cells (Fig. 2) and on 
the other into sma)l rosettes of the type seen in retinoblastoma (Fig. 3). 
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In places these membranes merge into solid masses of tumour cells with no 
structural form. Scattered throughout the tumour are numerous areas of glial 
tissue, mainly of the oligodendroglial type (Fig. 4). This appearance is also present 
in the orbital portions of the tumour and is an integral part of the neoplasm. 


Fic. 4.—Area of neuroglia. 
Mallory’s phosphotungstic 
acid-haematoxylin. x 125 


Small islands of cartilage are present in different parts of the tumour; these have 


no relation to pre-existing bone or cartilage and again appear to form part of the 
tumour (Fig. 5). 


Fic. 5.—Nodule of cartilage 
adjacent to typical cellular 


membranes. Haematoxylin 
and eosin. 100. 
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No pigment is seen in the sections examined and no iron-containing pig- 
ment is demonstrable by the prussian-blue reaction. An unusual feature is the 
presence of hyaline droplets in some of the spaces bounded by the cellular 
membranes (Fig. 1). _ Wide areas of the neoplasm are necrotic. A few small 
deposits of tumour are present in random sections of Jung (Fig. 6). 


Fic. 6.—Small metastasis in 


lung. Haematoxylin and eosin. 


X 100, 


Discussion 

The view that dictyomata were relatively benign in their behaviour (Willis, 
1948; Friedenwald and others, 1952) was based on a study of the smal] number 
of published cases. In the present case there was extensive direct intracranial 
and extracranial spread and minute pulmonary metastases were present. 
In most of the reported cases the eye was removed because of the presence 
of a small intra-ocular tumour. In this instance the patient was seen, 
apart from the first episode, at a late stage of the disease, when the eyeball 
had been penetrated and orbital invasion was established. . The coincidence 
of an orbital haemangioma complicated the clinical picture. It is felt that 
this case, which differs from previous ones in degree rather than in histological 
detail, warrants the consideration of this type of tumour as malignant. 

Fuchs (1908) ascribed the principal histological features of dictyomata to 
their basic derivation from the medullary epithelium. Since his descriptions, 
further recorded cases mention a feature less susceptible of this explanation. 
Béck (1929), Schepkalowa (1941), Klien (1939), and Fralick and Wilder 
(1949) all described islands of cartilage in the tumour. The appearance of 
cartilage, or indeed of any mesenchymal tissues, in embryonic tumours is not 
uncommon; this develops by aberrant or metaplastic differentiation of 
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young mesenchymal cells and does not imply inclusion of parts of the 
sclerotome (Willis, 1948). Klien (1939) offers the facile explanation that 
the cartilage in dictyomata is due to the inclusion therein of chondroblasts. 

As Reese (1951) comments: ‘ A characteristic of these tumours [dictyomata] 
is that they have no stroma’. The truth of this statement is apparent when 
we consider that dictyomata are, by definition and general behaviour, to be 
regarded as brain tumours arising from derivatives of the primitive neural 
tube. As such, they can have no intrinsic stromal component other than 
neuroglia. Remnants of invaded connective tissue act as an apparent 
stroma for the tumour, and the presence of embryonic tumour tissue may 
influence the normal connective tissue of the affected region to undergo 
metaplasia, rather than component mesenchyme as in other embryonic 
tumours. 

Another feature noted in this case was the occasional occurrence of hyaline 
droplets or spheroids in the spaces bounded by the cellular membranes 
(Fig. 1). This feature, though not described, is beautifully illustrated in 
Klien’s case. As regards the external limiting membrane, the position of 
mitotic figures in relation to the membrane, and the general cellular arrange- 
ment, these features closely resemble the appearance of early foetal retinal 
tissue. Carrying the analogy with foetal retinal tissue further, the free surface 
of the cellular membrane which faces the cavity represents the outer 
surface of the retina which faces the choroid. The other surface, bounded 
sometimes by amorphous eosinophilic material (Fig. 5) or by loose vascular 
tissue, represents the surface facing inwards in contact with the vitreous 
humour. Reese (1951) suggests that the amorphous material on this surface 
of the cellular membranes represents an attempt to form vitreous humour. 

This tumour behaved in some respects as a tumour derived from cerebral 
tissue, in that there was extensive direct intracranial spread. The final 
clinical picture resembled the terminal stages of some cases of retinoblastoma 
with orbital recurrence, extensive local soft tissue spread, and massive 
intracranial involvement. The metastasis in the lungs is an unusual 


feature. 


Summary 
The clinical and pathological findings in a case of dictyoma are recorded. 
Some of the features of this tumour are discussed. In this case, the tumour 
recurred after exenteration of the orbit, invaded the skull and brain, and 


caused death. 


I should like to express my gratitude to Professor J. H. Biggart for his advice during the prepara- 
tion of this paper, and to Mr. Corkey, Mr. Calvert, and Mr. Taylor for allowing me access to the 
Chink records. 


The photography is the work of Mr. D. Mehaffy, A.R.P.S. 
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RECURRENT CHOROIDAL DETACHMENT* 


BY 


R. M. MATHERS anp A. R. MOODIE 
Dundee St. Andrews 


CHOROIDAL detachment following intra-ocular operation is a complication 
often encountered, but associated with other conditions or alone it is rare. 
It has been reported after orbital cellulitis, intra-ocular foreign body, 
tenonitis, scleritis, certain systemic diseases, and has also apparently oc- 
curred spontaneously. 

This report concerns a man who, at the age of 63, developed a choroidal 
detachment of the right eye after an operation for maxillary sinusitis on the 
same side; 10 months later the choroidal detachment had disappeared, and 
the appearance of the eye remained normal for nearly 5 years, when the 
detachment recurred, only to disappear again after 8 months. 


Case Report 

A man aged 63 developed a severe cold in the head in December, 1947; its duration was 
prolonged and it was accompanied by profuse nasal discharge and nasal obstruction. 
There was no pain. 

On February 6, 1948, a headache developed. with pain in the right eye, and there was 
pyrexia for 3 days. 

On February 10, the right antrum was drained under local anaesthesia, and the pus 
obtained gave a pure culture of haemolytic streptococci. On February 17, an x-ray 
revealed pan-sinusitis on the right side with a fluid level in the right antrum and much 
swelling of the right nasal mucosa. 

On February 27, the right antrum was washed out again and muco-pus found. All 
the nasal mucosae were unhealthy, and there was a half-inch polypus in the right middle 
meatus. On February 28, a further x-ray showed that there was still a fluid level in the 
right antrum with impairment of the right frontal sinus: The posterior ethmoids and 
sphenoids were clear. 

On March 2, right intranasal antrostomy was performed with removal of the nasal 
polypus. The middle turbinate was dislocated medially to improve frontal drainage, and 
part of the right inferior turbinate was removed. The lining of the antrum was found to 
be thickened but not polypoid. No tumour was palpated with the curette, and left antral 
puncture was negative. 

Convalescence was normal except for a bad infection of the hair follicles of both nasal 
vestibules. It was noted that all the antral punctures were accompanined by severe 
pain in the right eye. 

After another severe cold in February, 1949, an x-ray showed thickening of the right 
antral mucosa, and slight thickening of the left. The anterior and middle ethmoids 
showed infection. Thereafter a right antral puncture was done, but only a few shreds of 
mucus came away. There was no further history of sinusitis. 

On February 23, 1948, the patient had consulted one of us, and had stated that 2 days 
previously, that. was about 14 days after the first symptoms of sinusitis, he had noticed 
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impairment of the right field of vision. On examination the following condition was 
found: 

Right Eye.—There was slight tenderness of the globe to touch above. Central vision 
with —0:5 D sph. was 6/6. The anterior chamber was shallower than in the left eye, and 
the pupil was a little larger, but its reactions were normal. There was a large globular 
detachment of the choroid on each side, smooth and rounded, with the retinal 
vessels running evenly over the surface. On each side the detachments extended nearly 
to the disc and posterior pole, leaving a deep cleft between them, which included the 
macula. The field of vision charted with a 4° white object showed extensive loss of field 
on the temporal side and a considerably smaller loss on the nasal side (Fig. 1). The 
tension was 16 mm. Hg (Schiétz). 


LEFT RIGHT 4° white 


Fic. 1.—Visual fields on February 23, 1948. 
Left Eye.—This eye-was normal in appearance. Vision with +0-75 D sph. was 6/6. 


Diagnosis— Detachment of the choroid in the right eye. 
The patient was also examined by Mr. H. M. Traquair who corroborated the findings 
and confirmed the diagnosis as follows: 


These findings point to detachment of the choroid. This is related to antral disease, but I 
would not like to say how. As there are no vitreous opacities, I do not think it is a septic 
infection — rather an oedema beyond any actual sepsis. 


Treatment.—Except for the instillation of atropine drops no treatment was instituted. 


Follow-up.—The condition of the eye remained unchanged for the following 7 months. 
Then, at examination on September 25, the impression was recorded that the chink 
between the detachments was becoming wider. The cleft continued to widen until, on 
December 19, there was no visible sign of the detachment on either side, and the field of 
vision had almost regained its normal limits. 

Central vision during the whole period of the detachment had remained at 6/6 with 
suitable correction, which varied from time to time. In April, 1948, the eye was em- 
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metropic. In December, 1948, the refraction was —0-75 D sph., —0-5 D cyl., axis 105°. 
The patient, a surgeon, had been able to carry on his work. 


Recurrence.—No further ocular symptoms occurred until September, 1953, when the 
patient again noticed a field defect in the right eye.- About 6 weeks previously he had 
sustained a small abrasion of the right cornea, and 4 weeks later had noticed flashes of 
light before the right eye. ; 

On September 11, examination of the right eye revealed two areas of choroidal detach- 
, ment, one in the superior temporal quadrant and the other in the inferior nasal quadrant. 
These remained localized and on October 19, were found to have decreased in size, so that 
both were almost flat. However, 4 weeks later, the symptoms recurred and both detach- 
ments regained their former size. During this time the anterior chamber of the eye was 
shallower and the tension lower than in the left eye. Central visual acuity remained good, 
and examination of the nasal sinuses showed them to be normal. 

Conservative treatment only was given. 

Early in May, 1954, the detachments were noticed to be receding; some 5 weeks later 
they were completely flat, and have remained so since that time. 

Examination of the right fundus now shows a water mark indicating the previous 
extent of the detachments, and there is some mottling over these areas. There is also 
some continued loss of visual field (Fig. 2), but as this does not come within 45° of fixation 
no serious disability has resulted. 


RIGHT 4° white 








Fic. 2.—Visual fields on June 23, 1954. 
Discussion 
Choroidal detachment was first described by von Graefe (1858) and 
Liebreich (1859). 

Meller (1911) classified the various types of the disorder as follows: 

(1) Post-operative early. 

(2) Post-operative late. 

(3) Spontaneous. (a) originating from the ciliary body, (6) originating 

from the posterior part of the choroid. 
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Fuchs (1911) proposed a classification into four types: 


(1) Post-operative due to oedema. 

(2) Post-operative due to haemorrhage. 

(3) Tractive, a terminal condition in uveal disease. 
(4) Inflammatory due to transudation. 


As the case which is the subject of the present report appears to belong to 
Meller’s Class 3, we have endeavoured to collect from the literature as many 
cases as possible of spontaneous choroidal detachment. 


Story (1891) found spontaneous choroidal detachment in the right eye of a 
27-year-old woman. 

Mules (1893) reported a 12-year-old boy in whom one eye was enucleated after 
a diagnosis of tumour and at the histological examination choroidal detachment 
only was found. : 

Wagenmann (1897) reported unilateral choroidal detachment after nodular 
scleritis in a 43-year-old woman, and (1906) unilateral choroidal detachment 
associated with tenonitis. Both cases recovered completely. 

Ewetzky (1898) reported a case of a man of 42 with renal disease; spontaneous 
choroidal detachment was found on section after enucleation. 

Simon (1905) reported an 18-year-old girl with albuminuria. 

Lauber and Adamiik (1909) reported a case with albuminuria. 

Fleischer (1921) reported the first bilateral case in a man of 35 with cardiac 
disease. 

Verhoeff and Waite (1925) found bilateral choroidal detachment in a man of 
49 who suffered from intractable chronic diarrhoea until his death at the age of 66; 
his blood pressure was reported as systolic 180, diastolic 68. 

Krautbauer (1927) described a case of choroidal detachment in an 18-year-old 
girl which subsided after removal of a wood splinter from beneath the bulbar 
conjunctiva. 

Wiirdemann and Verhoeff (1927) reported the case of a man of 40 whose eye 
was enucleated for suspected tumour. 

Muirhead (1934) saw choroidal detachment in one eye of a 34-year-old man, 
which subsided after incision of an abscess below the bulbar conjunctiva. 

Hirasawa (1935) saw choroidal detachment in an eye affected by purulent 
tenonitis, which recovered after incision of the abscess. 

Ziporkes (1937) reported choroidal detachment associated with tumour of the 
lacrimal gland. 

Purtscher (1938) described the case of a 67-year-old man affected by serous 
tenonitis first in the left eye and then in the right. In both eyes choroidal detach- 
ment developed, and a small retinal detachment also appeared in the right eye, but 
soon after the inflammation subsided the detachment in each eye went back with 
recovery of full vision. 

Vouters (1948) reported a man aged 67 with cardiac and renal disease in whom a 
temporary rise of tension occurred in the affected eye, but a complete cure was 
effected after a month’s conservative treatment. 

Vukovich (1949) recorded choroidal detachment after tenonitis, followed by 
spontaneous recovery in a 75-year-old man. 

Gittler (1949) reported a bilateral case in a woman of 52. Histological examina- 
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tion after enucleation of the first eye for choroidal tumour revealed only choroidal 
detachment with signs of deep-seated inflammation of the sclera; 2 months later 
choroidal detachment appeared in the second eye, but after treatment of the 
general health the detachment disappeared in a few weeks with recovery of vision 
to 6/12. Vitreous opacities were present, and 4 years later uveitis led to loss of 
sight. Gittler also states that Harada (1926) reported a series of cases of bilateral 
choroidal detachment associated with headache, general malaise, and occasional 
vomiting. After a few weeks the choroid went back in all cases with recovery of 
good vision. 

Dollfus (1950) found choroidal detachment secondary to orbital cellulitis which 
followed x-ray therapy for epithelioma. 

Paufique, Hugonnier, and Barut (1950) reported a case in which the detachment 
subsided after the removal of an intra-ocular foreign body. 

Rohrschneider (1951) reported a bilateral case in a man of 46. The first eye 
was enucleated after a mis-diagnosis of intra-ocular tumour, which was disproved 
by histological examination; 3 years later choroidal detachment appeared in the 
other eye, but it disappeared 9 months later after scleral trephining and diathermy. 

Boyd Law (1951) reported two cases, both of which spontaneously regained 
full vision; the second case subsequently developed retinal detachment with a hole. 

Giardini (1952) attributed his case to diffuse episcleritis. 


The causation of these recorded cases varies considerably. No cause was 
found or suggested in the five cases of Mules, Boyd Law, Rohrschneider, 
Story, and Wiirdemann and Verhoeff. Renal or cardiac disease was 
present in the five cases reported by Ewetzky, Simon, Lauber and Adamiik, 
Fleischer, and Vouters. Other organic disease accompanied the cases of 
Verhoeff and Waite, and of Harada. The largest group consists of seven 


cases attributed to episcleritis, scleritis, or tenonitis reported by Wagenmann 
(two cases), Hirasawa, Purtscher, Vukovich, Gittler, and Giardini. The 
remaining four cases were due to a variety of causes; subconjunctival foreign 
body, subconjunctival abscess, tumour of the lacrimal gland, and orbital 
cellulitis, recorded by Krautbauer, Muirhead, Ziporkes, and Dollfus 
respectively. 

In the present case the causation apparently differs from that in any of the 
cases previously recorded. The antral disease must be looked on as the 
direct or indirect cause of the choroidal detachment in 1948. The patient 
stated that antral puncture was always accompanied by severe pain behind 
the eye. There may have been some unusually direct anatomical relation- 
ship between the antrum and the orbit which allowed inflammatory oedema 
to spread first to the orbit, and thence between the sclera and choroid. It is 
more difficult to suggest an explanation of the recurrence of the detachment 
in 1953, when the antral inflammation had subsided. 


Summary 
A case is reported of spontaneous detachment of the choroid following 
ipsilateral antral inflammation due to haemolytic streptococcus, followed by 
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complete recovery after 8 months except for some slight loss of visual field 
at the extreme periphery; 5 years later the detachment recurred, but again 
disappeared spontaneously. During the whole period of the detachment 
central vision was maintained at 6/6. : 


Our thanks are due to Mr. M. J. Gibson and Mr. G. I. Henderson for the detailed history of 
the antral infection, to Dr. T. Sprunt for x-ray reports, and to Prof. W. J. Tulloch for bacterio- 
logical reports. 
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OSSIFICATION IN A CONJUNCTIVAL TUMOUR* 


BY 
LOUIS SCHRIRE 
Kimberley, S. Africa 


FiBROMATA of the conjunctiva, though rare, are the commonest polypoid 
tumours of the conjunctiva. Usually soft, rapidly growing vascular growths, 
they may become oedematous (myxo-fibroma), undergo elastic degeneration 
(elastoma), or be neurofibromatous (Duke-Elder, 1938). Other epibulbar 
fibromata may represent congenital rests of mesodermal tissue which have 
developed into connective tissue rather than into various mesodermal 
derivatives. Sections at various levels in such tumours may show fat, 
cartilage, bone, smooth muscle, or myxomatous tissue (Reese, 1951). 

Reese classifies bone formation found in ophthalmological practice under 
the following heads: 


( 1) In a neoplasm. 

(2) In association with a teratoid or composite growth arising from a congenital 
rest. 

(3) In association with severe congenital anomalies. 

(4) As an isolated epibulbar nodule unaccompanied by any other abnormality of 


the eye. 
(5) In tissues which are the seat of past inflammation and degenerative changes. 


The appearance of bone inside a fibroma must be an extremely rare event 

and therefore it is thought that the following case may be of interest. 
‘Case History 

A little girl aged 3 was said by her mother to have had a lump on the conjunctiva of 
the right eye at birth, which had been slowly increasing in size. She desired its removal 
for cosmetic reasons only. 

The lump was the size of a pea on the bulbar conjunctiva on the upper and outer 
quadrant of the globe midway between the limbus and outer canthus. It was quite mobile, 
not vascularized, and extremely hard when grasped with the forceps. It was excised 
under general anaesthesia and sent to the South African Institute of Medical Research 
for routine examination. | The following report was made: 

Section of this specimen from the conjunctiva shows the presence of a rim of fibrous tissue 
surrounding an area of bone in which Haversian systems are seen. 
These histological features suggest those of ossifying fibroma (Figs 1-3, overleaf). 

To eliminate the possibility that this fibroma was a manifestation of von Reckling- 
hausen’s disease, the patient and her mother were examined, and the familyt+ carefully 
interrogated. No evidence of neurofibromata or cafe-au-lait spots was found. 

There was no evidence of any other ocular disease and the patient was fit and normally 
developed for her age. 





= 


*R ived for p March 14, 1955. 
+The father, being divorced, was not available. 
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Fic. 1.—Section of specimen of tumour of conjunctiva showing rim of fibrous tissue 
surrounding an area of bone in which Haversian systems are seen. X22 


Discussion 
A case of ossification occurring inside -a conjunctival fibroma present 


since birth in a 3-year-old child is described. The diagnosis appears to fall 
into Group 4 of Reese’s classifications, which he describes as follows: 


“< An isolated epibulbar nodule unaccompanied by any other abnormality of the eye, 
usually located in the upper, outer quadrant of the globe 5—10 mm. from the limbus, 
situated under the conjunctiva, embedded in connective tissue and-attached to thescleral 
surface. The lesion is present at birth and is reputed even to increase in size, It is of 
fairly uniform size, varying from that of a pea to that of a bean.” 


Apart from the fact that this nodule was freely movable, the other criteria 
are fulfilled. 


Summary 
A case of ossification occurring inside a conjunctival nodule, .present 


since birth, in a 3-year-old child is described and photomicrographs of the 
tumour are presented. It is uncertain whether the tumour is a fibroma or 


a dermoid. 





OSSIFICATION IN A CONJUNCTIVAL TUMOUR 


() 


Fic. 2.—High-power magnifications of 
Similar sections. (@) x30. (b) x120. 


I should like to thank the staff of the S, African Institute of Medical Research for the patho- 


logical report and the excellent photomicrographs, and Dr. A. H. Louw for referring the case and 
investigating the patient's family. 
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CORRESPONDENCE 


DIAGNOSTIC CONTACT LENS 


To the Editorial Committee of the British JOURNAL OF OPHTHALMOLOGY 


Dear Sirs—I should be grateful if you would publish the following addendum to my 
paper (Sarwar, 1954). 


GONIOSCOPY 


Two methods can be employed to carry out this examination after insertion of the lens 
in an anaesthetized eye: 

(1) Examination by Reflected Light——A very narrow slit-lamp beam is projected on to 
the area of angle to be examined, with the eye looking slightly away from the direction 
of the beam. The beam is focused on the angle and the various structures in it, and the 
examination is carried out along the direction of the beam. 

(2) Examination by Transmitted Light,—The slit-lamp beam is projected. approximately 
on to the angle from the same side as the area of angle under examination. Two reflexes 
will be seen, one on the cornea and one on the iris. The beam is then moved outwards, 
and when the light is on the angle the two reflexes come close together, being separated 
only by the narrow space of the angle itself. The angle can thus be examined by trans- 
mitted light. This method is very useful for examining the trabecula and cells in the 


angle. 
Yours faithfully, 


M. SARWAR, 


REFERENCE 
Sarwar, M. (1954). British Journal of Ophthalmology, 38, 626. 


BOOK REVIEWS 


Current Concepts of Diabetes Mellitus with Special Reference to Ocular Changes. By 
L. BENJAMIN SHEPPARD. 1955. Pp. 90, 16 figs, 1 col. pl., 199 refs. Blackwell 
Scientific Publications, Oxford. (27s. 6d.). 


The early chapters in this book consist of a brief discussion of the incidence, aetiology, 
and physiological changes in diabetes; these are followed by a more lengthy account of 
diabetic ocular manifestations and a review of current concepts of pathogenesis. 
Prognosis under modern therapy, treatment, and complications are summarized and 
future research projects are suggested. 

It is difficult, however, to appreciate the exact purpose of a book of this kind. The 
author tells us that it is presented primarily to aid the ophthalmologist in evaluating fundus 
changes and secondarily to inform both the patient and the internist of the diverse 
opinions of many investigators. To address a medical and lay audience at the same time 
without either irritating the former or bewildering the latter is no easy task—as this book 
shows. Thus the doctor is told somewhat naively that “‘ diabetes may also be a metabolic 
disturbance ” and that “‘many diabetic patients do not have visual disturbance”’, whereas 





447 


the patient is unlikely to derive much encouragement from “ investigations with radio- 
isotopes of sodium, potassium, and chlorine show that movements of the ions through 
capillary walls and cell membrane are best explained in terms of active transfer ”,; nor may 
he altogether share the view that “the diabetic state gives rise to interesting organic 
changes ”’. 

The book is poorly written, and when the author leaves the clinical field his text con- 
sists of snippets from the literature with little attempt to evaluate the material or to weave 
it into a coherent whole. It is not, therefore, suitable for the internist. | 

Of the six illustrations purporting to show pathological changes in the retina, only one 
(Fig. 10) could be accepted as demonstrating the claims of the legend, and the simplified 
diagrams of metabolic pathways are probably of little value to the reader for whom they. 
were designed. The author presents no original data and his suggestions for future 
research, such as ‘‘ Nutrition and disease and how they affect the body tissues ”, are so 
all-embracing and vast in scope as to appal the keenest research worker seeking here for 
inspiration. It is unfortunate that the book cannot be recommended, for it is beautifully 
produced and singularly free from printer’s errors. 


Viral and Rickettsial Diseases of the Skin, Eyes, and Mucous Membranes of Man. By 
H. BLANK and G. RAKE. 1955. Pp. 285, 63 figs, 6 col. pl. Churchill, London. 
(60s.). 

In a short text the authors have attempted to give an outline of the main viral infections 
occurring in these sites in man, with the inevitable result that many diseases which might 
have been mentioned are omitted. However, those conditions with which the book deals 
are presented in a readable manner and should prove instructive to those requiring an 
introduction to the subject. 

A serious criticism of the work is the arrangement and classification of the material. 
Thus there seems little merit in separating Psittacosis from the remainder of Chlamy- 
dozoacae, while it is unusual to find dengue and infectious mononucleosis included with 
the exanthemata. 

The book is extremely well produced and the illustrations are of a very high standard. 
A series of the references considered to be of greatest importance is added at the end of 
each section. 


NOTES 


INTERNATIONAL COUNCIL OF OPHTHALMOLOGY 


The following were present at a meeting held in Paris on May 7, 1955: Duke-Elder 
(President), Berens (Vice-President), Hartmann (Secretary), Amsler (Treasurer), Bietti 
(International Organization against Trachoma), Franceschetti (Association for the Prevention 
of Blindness), Samuels (President of the last Congress), Coppez (President of the next 
Congress), Arruga (Spain), Charamis (Greece), Palomino Dena (Mexico), Paufique 
(France), Thiel (Germany), Weve (Holland). 


Apart. from dealing with’ current business, the following are the most important 
decisions taken by the Council. 


1. INDEX OPHTHALMOLOGICUS.—In accordance with the Statutes of the Council, an Index 
Ophthalmologicus had been published at the time of the International Congress in 1954. The 
sale of the Index had, however, up to the present been very slow, involving the Council in con- 
siderable expense. It was thought that this was due to the fact that it was insufficiently known. 
The Index contains the names and addresses of ophthalmologists in most countries of the world 
and information on hospitals, journals, and ophthalmological societies in these countries.’ It may 
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be obtained for the price of £1 ($2-75), from Dr. A.C. Copper, Coehoornsingel 42, Zutphen, Holland. 7 
Despite the disappointing sales the Council decided to publish a new Index at the time of the © 
Congress in 1958, believing that, once ophthalmologists generally came to know the value of the — 
book, it would eventually become a paying proposition. : 


2. INTERNATIONAL DICTIONARY OF OPHTHALMOLOGICAL TERMS.—This dictionary is being 
prepared by Alvaro, Amsler, Bietti, and Duke-Elder, and it is hoped that it will be available before — 
the time of the next International Congress. In the dictionary, ophthalmic terms will be trans- 
lated into six languages: English, German, Spanish, French, Italian, and Latin. 


3. SuB-CoMMITTEE FOR THE GONIN MEDAL.—The term of office of the old committee having — 
expired, the following were elected: { 
Ex-officio Members: Duke-Elder, Streiff. 
Members: Francois, Friedenwald, Karpe, Miller, and Nordmann; 
Substitute Members: Eliott, Lo Cascio, Malbran, Ida Mann, and Nakamura. 


4. COMMITTEE FOR THE STANDARDIZATION OF COLOUR VISION.—At its last meeting the — 
International Federation of Ophthalmological Societies had decided that examination of colour 
vision in transport workers should be carried out with the pseudo-isochromatic tables, and for — 
this purpose had initially accepted the Ishihara charts. It was, however, decided that any new 
tests which appeared from time to time should be recommended if they were considered equally — 
suitable. A committee was formed to deal with this matter, consisting of L.C. Thomson (Medical — 
Research Council and Institute of Ophthalmology, London), Yves Le Grand (Collége de France, 
Paris), Louisa Sloane (Wilmer Institute, Baltimore), and J. Zanen (Brussels). 


5. RoapD SAFETY.—A committee, consisting of Bietti, Goldmann, and Dubois-Poulsen, was 
formed by the Council to study the visual danger to drivers of roadside advertising hoardings and — 
the placing of roadside objects at regular intervals. The questions raised were, in the first case, — 
how far advertisements caused the driver to divert his eyes from the road, and in the second, — 
what was the danger of rhythmic stimulation of the retina in causing nervous symptoms in some ~ 
persons. : 


6. XVII INTERNATIONAL CONGRESS MONTREAL-NEW YorK 1954.—The Acta of the XVII Inter- ~ 
national Congress, to be published in three volumes, should appear towards the end of 1955. 


The next meeting of the Council will be held in England in the spring of 1956. 


INTERNATIONAL ORGANIZATION AGAINST TRACHOMA 
45, Lincoln’s Inn Fields, London, W.C.2. 


President: - - - - G. B. Bietti (/taly) 
Vice-Presidents : - - - A. Sorsby (Great Britain) 
f . Thygeson (U.S.A.) 

. Nataf (France) 
Secretary-General: . Sédan (France) 
Assistant Secretary: . Nakamura (Japan) 
Treasurer: - - . Farnarier (France) 


A meeting will be held in Madrid in 1956 on the occasion of the Second Congress 
of the Société Latine d’Ophtalmologie. 


OBITUARY 


EDWARD LESLIE GAULT 


THE death is announced of Dr. Edward Leslie Gault in Melbourne on December 18, | 
1954, at the age of 92 years. Dr. Gault was born in Manchester in 1863 and his © 
family migrated to Victoria in 1870. “ He graduated at the University of Melbourne, ~ 
and, proceeding to London, was for a time on the resident staff of Moorfields Hospital. — 
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COMMUNICATIONS 


STUDIES ON DEVELOPING RETINAL VESSELS* 
‘I INFLUENCE OF RETINAL DETACHMENT 


BY 
NORMAN ASHTON anp CHARLES COOK 
Department of Pathology, Institute of Ophthalmology, University of London 


IN the early stages of the normal development of the human retina, the 
choroidal circulation .is apparently responsible for maintaining retinal 
nutrition, but, as the metabolic requirements of the growing retina increase, 
this source of supply gradually becomes inadequate and ‘new vessels bud 
into the retina from the hyaloid artery at the disc. The chorio-capillaris, 
however, continues throughout life to supply the outer retina to a depth of 
about 130 microns (Michaelson, 1951) and in health this zone is never 
' invaded by retinal capillaries, which in a remarkably constant way, extend 
‘no deeper than the outer limits of the inner nuclear layer, despite the absence 
| of any anatomical barrier. 

| The sharp demarcation of this avascular area in the outer retina suggests 
| that the chorio-capillaris is capable of supplying nutrition into the retina for 

_ only a limited distance; it would, therefore, be of interest to know what 
effect separation of the retina from the choroid might have upon the growth 
of retinal vessels. 

In this paper experiments are reported which show that detachment of the 
developing kitten retina, in which the normal pattern of vascular growth is 
in every way comparable to that in man, leads to a downgrowth of retinal 
_ vessels beyond the inner nuclear layer, frequently penetrating.the retina 
' completely and forming a network on its outer surface. Vessels may also 
_ extend into the vitreous to form glomerular tufts typical of such intravitreal 
' vasoproliferation. In the adult cat, however, retinal detachment had no 
such influence on the retinal vasculature. _ 


Experimental Findings 
Experiment 81.—One mother cat and two kittens (kl, k2) 3 days old. 
Plan.—Through a needle withdraw enough vitreous from the right eye of each 
anaesthetized kitten to induce retinal detachment. Left eye to remain as control. 
Kill kl after 8 days and k2 after 18 days, to demonstrate: 


(a) Normal retinal vascularization at 11 days old (kl left) and at 21 days old (k2 left). 
(6) Effect of 8 days’ retinal detachment at 11 days old (kl right) and of 18 days’ detachment 
at 21 days old (k2 right). 





*Received for publication April 22, 1955, 
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Results (both retinae injected with Indian ink) 
(a) kl left.—Normal pattern, immature network approaching ora serrata, maximum 


outgrowth 8 mm. 
k2 left.—Normal pattern, immature network at periphery, maximum outgrowth 11 mm. 
(6) kl right.—Total retinal detachment. Normal pattern, vessels slightly engorged, retina 
somewhat shrunken showing a few scattered subretinal haemorrhages. No evidence of 
abnormal vasoproliferation, maximum outgrowth 6 mm. 
: k2 right.—Retina widely detached and thrown into folds. In the region of the folds 
vasoformation was profuse and new vessels extended into the vitreous in the form of loops 
and glomerular tufts. Elsewhere the vascular pattern was roughly normat but the retinal 
vessels extended more deeply into the retina and in some areas had completely penetrated 
it and formed a polygonal network on its under surface. Maximum outgrowth 8 mm. 


(Figs 1, 2, and 3, opposite). 

Conclusions.—This experiment shows that retinal detachment has no apparent 
influence on retinal vascularization after 8 days, but may considerably affect it after 
18 days, when vasoproliferation may occur into the vitreous and outwards through the 
whole thickness of the retina to form a network on its under surface. _ In this experiment, 
however, there ‘were no controls to show the possible influence of needle puncture alone 
(Cf. Exp. 92). 


Experiment 87.—One mother cat and three kittens (kl, k2, k3) 5 days old. 
Plan.—Procedure as in Exp. 81; kil! kl after 8 days, k2 after 18 days, and k3 after 
29 days, to demonstrate: 
(a) Normal retinal vascularization at 13 days old (k1 left), 23 days old (k2 left) and 34 
days old (k3 left). 


(6) Effect of 8 days’ detachment at 13 days old (k1 right), 18 days’ detachment at 23 days 
old (k2 right) and 29 days’ detachment at 34 days old (k3 right). 


Results (both retinae injected with Indian ink) 

(a) k1 left—Normal pattern, immature network at periphery, maximum outgrowth 9 mm. 
‘4 k2 left.—Normal pattern, few immature vessels at periphery, maximum outgrowth 

mm. 

k3 left-—Normal pattern, fully developed, maximum outgrowth 12 mm. 

(b) k1 right—Extensive retinal detachment, vitreous haemorrhage. The retinal vessels 
were markedly engorged showing a uniform density, but there was no abnormal vaso- 
proliferation either into the vitreous or within the retina. Maximum outgrowth 10 mm. 

k2 right.—Total detachment with distortion of normal pattern of vessels. There was 
no intravitreal vasoproliferation, but the retinal vessels extended more deeply into the retina 
and had penetrated it in all areas to form a polygonal network on its under surface. Maxi- 
mum outgrowth 9 mm. (Figs 4 and 5, overleaf). " 

k3 right.—Total detachment, vessels irregular and engorged. On the temporal side there 
was a laceration (needle track) around which a brushwork of vessels extended into the vitreous, 
but elsewhere there was no evidence of intravitreal growth. Vessels had extended through 


the retina to form a plexus on-its under surface; this occurred mainly at the periphery but 
there were a few tufts within retinal grooves. Maximum outgrowth 12 mm. 


Conclusions.—This experiment confirms Exp. 81 in that detachment had no influence on 
vascularization after 8 days. The two kittens retained for a longer period (18 and 29 days) 
both showed extension of vessels through to the outer surface of the retina. Intravitreal 
vessels occurred in one animal only, (k3 right) and these were around the needle track. 
No new vessels, however, occurred around the needle track in k2 and see also Exp. 92. 


Experiment 92.—One mother cat and three kittens (k1, k2, k3) 4 days old. 
Plan.—Procedure as in Exp. 81 for kl and k2, but in k3 only a needle puncture to be 
done as a control. Kill all kittens after 18 days to demonstrate: 


(a) Normal retinal vascularization at 22-days old (k1, k2, k3 left). 


(b) Effect of control needle puncture after 18 days at 22 days old (k3 right). 
(c) Effect of 18 days’ detachment at 22 days old (k1, k2 right). 
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Fic. 1.—Exp. 81, k2 right, 21 days old. Shows effect of ne days’ detachment on 
developing retinal vessels. The retina is widely detached and thrown into foids, in 
the region of which vasoformation is gf tg and new vessels extend into the vitreous 
in loops and glomerular tufts (see Fig. 2). Elsewhere the vascular pattern is 
roughly normal, but vessels have penetrated the retina (cf. Fig. 3). x9. 





Fic. 2.—High-power view of area indicated in Fic. 3.—Posterior view of retina shown in Fig. 
Fig. 1, showing glomerular tufts of vessels 1. Vessels have penetrated the retina to form 
extending into the vitreous. x 35. a polygonal plexus on its under surface. x15, 
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Fic. 4.—Exp. 

days old. pd ‘effect 0 of 18 
days’ detachment. In _ this 
case there were no intravitreal 
proliferations from the retinal 
surface or around the needle 

track (arrow), but posse 


penetrated the retina (cf. 
Fig. 5). 6-75. 


Fic. 5.—Posterior vew of retina 


shown in Fig. 4. Vessels have 
penetrated the retina to form a 


plexus on its under surface. x 19. 


Results (both retinae injected with Indian ink) 

(@) k1, k2, k3 left —-Normai pattern but not yet fully developed, hence less advanced than 
average for this age. Maximum outgrowth 12 mm. 

(6) k3 right_—Normal pattern, nearly complete. On the temporal side there was a clean 
hole at the periphery (needle track). There was no,evidence of new vessels in the vitreous in 
this region or elsewhere. No haemorrhages and no penetrating vessels were seen. 

(c) kl right.—Ruptured lens, total folded detachment, subretinal exudate, vessels irregular. 
At numerous places but particularly on the inward crests of the folds there were tufts and 
delicate vascular plexuses extending into the vitreous. In many areas the retinal vessels had 
grown through the retina to form small loops and tufts on its ovfter surface. 


k2 right.—Total folded detachment, vascularization of retina incomplete and three com- 
plexes consisting of irregular vessels still seen. On the temporal side there was a hole (needle 
track) and in this half of the retina there were extensive tuft-like proliferations into the 
vitreous, some of which appeared to be related 'to a haemorrhage while others did not. On 
the nasal side there was a vitreous haemorrhage without intravitreal neovascularization. 
Only in one or two areas had the retinal vessels extended through to the outer side; much 
less than in ki (Figs 6 and 7, opposite). 
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Fic. 6.—Exp. 92, k2 2 etn 22 dans eG Shows effect of 18 days’ detachment on 
developing retinal vessels.” Around the needle track there is extensive intravitreal 
vasoproliferation which appears to be associated with haemorrhage (A), but there are 
also areas of intravitreal vessels without haemorrhage (B), and a haemorrhage with- 


out new-vessel formation (C). (See also Fig. 7). x9. 








Fic. 7.—High-power view of intravitreal proliferations (zone A) in the detached 
retina shown in Fig. 6. x19. 
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Conclusions.—This experiment confirms Exps 81 and 87, in that detachment after 18 
days gives rise to an extension of vessels through to the outer surface of the retina and 
may produce intravitreal proliferation, which is apparently not attributable to the trauma 
of the needle puncture alone, since the control animal (k3 right) showed no abnormality. 


Experiment 85.—Two adult cats (C1, C2). : 

Plan.—Procedure as in Exp. 81. Kill Cl after 18 days and C2 after 36 days to 
demonstrate the effect of detachment on the retinal vessels of the adult. cat. 

Results (both retinae injected with Indian ink) 


Cl left (control).—Normal retina of adult cat. 

Cl right——Extensive retinal detachment with subretinal exudate, no abnormal vaso- 
proliferation either into the vitreous or through the retina. 

C2 left (control).—Normal retina of adult cat. 

C2 right.—Extensive detachment of retina on temporal side, subretinal exudate and vitreous 
haemorrhage. No abnormal vasoproliferation either into the vitreous or through the retina. 


Conclusions.—This experiment shows that retinal detachment does not give rise, after 
periods of 18 and 36 days, to abnormal vasoproliferation in the retina of the adult cat. 


Discussion 

The foregoing experiments show that, while retinal detachment has no 
apparent influence on the growth of retinal vessels of the adult cat (Exp. 85), 
it has a profound effect on the developing retinal vessels of the kitten (Exps 
81, 87, 92). After artificial detachment of the retina, these vascular changes 
take over 8 days to develop and are well established after 18 days. The 
changes are twofold. First, the developing vessels in the detached retina 
extend more deeply, growing beyond the normal outer limit of the inner 
nuclear layer, and eventually penetrate the whole thickness of the retina to 
form a capillary plexus on its outer surface. Secondly, new-formed vessels 
may extend inwards to form loops and glomerular tufts within the vitreous; 
this, however, did not occur in every case of detachment (positive in four 
out of five kittens), and it may be interpreted as a result of trauma from the 
needle puncture itself or from associated haemorrhage. Several findings, 
_ however, indicate that this is probably not the cause of the intravitreal 
proliferations: a simple needle puncture without retinal detachment did not 
result in such proliferations (Exp. 92, k3 right), nor did they occur in one 
animal with detachment (Exp. 87, k2 right). Furthermore, although 
intravitreal vessels were seen in association with haemorrhages, others were 
not so related (Exp. 92, k2 right). It would therefore appear that extension 
of the growing retinal vessels outward through the retina and inwards into 
the vitreous is attributable solely to separation of the retina from the choroid. 
These findings raise questions of importance. Since it has been shown that 
the vaso-obliterative effect of oxygen may be prevented by retinal detachment 
(Ashton and Cook, 1954) it would seem that effective levels of oxygen can 
no longer reach the retina in these circumstances. It is, therefore, reasonable 
to assume that the abnormal growth of vessels in the detached developing 
retina may similarly be related to a-fall in oxygen tension resulting from 
choroido-retinal separation. Thus the growth of vessels towards the outer 





















18 
nd 


to 


ae SE 


Oa ee ew ee ee. ee ee 








DEVELOPING RETINAL VESSELS, I. 455 


surface of the retina is in accord: with the hypothesis that a vasoformative 
stimulus is elaborated in the retina in low oxygen tensions and, conversely, 
that such a stimulus is normally opposed or destroyed by higher oxygen 
tensions (Ashton and others, 1954). 

The growth of vessels into the vitreous is likewise consistent with this 
concept. The delicate balance normally existing between the stimulus and 
vascular response ensures that neither shall become excessive. It seems 
possible that a lowered oxygen tension in the detached outer retina may 
considerably disturb this mechanism, leading to so great an accumulation 
of the vasoformative factor that it seeps into the adjacent vitreous and is 
thus responsible for the growth of vessels inwards. 

Indeed, the effects of retinal detachment are very closely analogous to 
those following oxygen vaso-obliteration. In the latter case the inner layers 
of the retina are rendered hypoxic by closure of the retinal vessels while the 
outer layers continue to be adequately served by the choroidal vessels, 
whereas in the former case the outer layers are rendered hypoxic through 
detachment while the inner layers continue to be supplied by the retinal 
vessels. (It is to be remembered, however, that in the developing retina the 
oxygen supply to the inner layer:is presumably less than the demand since the 
vessels are growing into it). 

On the basis of the above hypothesis, the abnormal growth of vessels 
developing in each of these sets of circumstances is, therefore, exactly as 
might be expected, but that retinal detachment should have no vasoformative 
effect on the retinal vessels of the adult animal is more surprising and a 
finding of great potential significance. If the working hypothesis we have 
adopted is correct, a series of possibilities follow: 

(a) that the adult retinal vessels have lost the power of regeneration, 

(6) that detachment no longer results in retinal hypoxia, 

(c) that in the adult retina the power of elaborating a vasoformative factor 
is lost or modified in the degree of hypoxia resulting from detachment. 

Since it is known that adult retinal vessels are able to regenerate, and that 
detachment leads to degeneration of the outer layers of the retina, it would 
appear that the most likely explanation is the last, namely that the vaso- 
formative factor is less readily produced in the fully mature retina. 

It is becoming clear that the whole mechanism of vaso-obliteration and of 
vasoproliferation may well be related to the rate of anaerobic glycolysis and 
to the effects of oxygen upon it as described by Warburg and other (1924). 
In this connexion it is interesting to note that the human foetus and young 
infant can exist by means of a totally anaerobic metabolism for as long as 
30 minutes, and the increased toleration for anoxia of new-born infants as 
compared with adults is partly due to this capacity of anaerobiosis (Brinkman, 
1953). Lactic acid levels in the blood are higher in premature than in full- 
term infants and higher in full-term babies than in older infants (Gyérgy and 
others, 1927, 1928; Brehme and others, 1928). Studies on brain tissue from 
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stillborn infants have shown a high degree of anaerobic metabolism (Himwich, 
1953), while the rate of anaerobic glycolysis in the kidneys of suckling rats 
is higher than in adult rats (Brehme, 1955). In other words, here is a 
metabolic process which apparently diminishes as the tissues mature. If 
similar changes occur in the retina, the different responses we have here 
demonstrated in the cat and kitten retina may be related-to them. Until 
more is known of the metabolism of the developing and adult retina it would 
be unrewarding to speculate further. 

What relation our experiments bear to ocular disease cannot at present be 
assessed, but it should be pointed out that the intravitreal proliferations 
obtained by detachment are very similar to those which follow oxygen 
exposure and, therefore, to those seen in Stage I retrolental fibroplasia. The 
possibility that some cases of Stage I retrolental fibroplasia, which have not 
been exposed to high oxygen concentration, may be secondary to some 
degree of retinal detachment must therefore be taken into consideration in 
future studies of this disease. 


Summary 
(1) Experiments are reported which show that detachment of the develop- 


ing kitten retina leads to: 
(a) an outward proliferation of vessels to form a plexus on the outer retinal 


surface and 
(5) an inward proliferation of vessels to form glomerular tufts in the vitreous. 


(2) In the adult cat, retinal detachment had no such influence on the retinal 


vasculature. 
(3) The significance of these new findings is discussed in the light of 


cognate work. 

(4) It is pointed out that there is a great similarity between the intra- 
vitreal proliferations obtained by retinal detachment and those seen in Stage I 
retrolental fibroplasia. The possibility that some degree of retinal detach- 
ment may play a role in cases of retrolental fibroplasia in which 
supplemental oxygen has not been given, should be taken into consider- 
ation in future studies of this disease. 


We are indebted to the Medical Research Council for providing a grant towards the expenses 
entailed in this work. 


It is a pleasure to acknowledge the assistance of Messrs G. E. Knight, D.Walters, and J. Priest, 
and Miss E. FitzGerald in these investigations. 
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STUDIES ON DEVELOPING RETINAL VESSELS* 


Il. INFLUENCE OF RETINAL DETACHMENT ON 
OXYGEN VASO-OBLITERATION 


BY 
NORMAN ASHTON AND CHARLES COOK 
Department of Pathology, Institute of Ophthalmology, University of London 


By direct observation, it was recently shown that the obliterative action of 
high concentrations of oxygen on the ingrowing vessels of the kitten retina 
may be prevented by retinal detachment (Ashton and Cook, 1954). The 
obliterated vessels re-open as soon as detachment begins, indicating that 
close apposition between retina and choroid is necessary for the obliterative 
phenomenon to operate. Since it is known that vaso-obliteration is also 
dependent upon the concentration of oxygen, it would appear that, once the 
retina detaches, effective levels of oxygen no longer reach this tissue. 

The maximum period, however, for which the vessels of the detached 
retina were observed in hyperoxia was 12} hours, and the question remained 
whether a longer period of exposure might not be required for oxygen to 
diffuse across the subretinal space and reach the retina in sufficient concentra- 
tion. In this paper experiments are reported which show that retinal 
detachment prevents the vaso-obliterative effect of oxygen even when high 
concentrations are continuously maintained for 4days. Survival in air after 
such detachment and exposure is followed by proliferative changes which are 
difficult to interpret in view of our findings on the effect of detachment alone 
(Ashton and Cook, 1955). . 


Experimental Findings 
Experiment 76.—One mother cat and three kittens (kl, k2, and k3) 4 days old. 


Plan.—Through a needle withdraw enough vitreous from the right eye of each anaes- 
thetized kitten to induce retinal detachment. Left eye to remain as control. Then put 
mother and litter into 70-80 per cent. oxygen for 4 days. Then kill all the kittens to 
demonstrate: 


(a) Effect of 4 days’ 70-80 per cent. oxygen at 8 days old (left eyes). 

(6) Effect of 4 days’ 70-80 per cent. oxygen at 8 days old with retinal detachment (right 
eyes). 

Results (both eyes injected Indian ink) 

(a) kl left.—Total obliteration of temporal complexes but nasal complex only partially 
obliterated. (This animal was found to have pulmonary collapse and cardiac enlargement; 
these findings may explain why a total obliteration was not obtained). 

k2 left.—Total obliteration of retinal vessels. 
k3 left—Total obliteration of retinal vessels. 

(b) kl right——Extensive retinal detachment. Small vitreous haemorrhage. In the 
detached retina the vessels were engorged and fully patent; there was no abnormal vaso- 
proliferation. Ina small area between the temporal complexes where the retina was attached, 
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there was a zone of total vaso-obliteration, and there was some degree of capillary obliter- 

k2 right.—Folded detachment on temporal side, total vaso-obliteration except in the 

detached fold where there were two main vessels leading to an engorged capillary bed. No 

abnormal vasoproliferation. 

k3 right.—Detachment of whole temporal-retina. On the nasal side the retinal vessels 

were completely obliterated, and there were a few scattered haemorrhages. On the other 

hand the temporal complexes were almost fully patent and the large vessels were dilated and 
tortuous over the folded areas. No abnormal vasoproliferation (Fig. 1). 

Conclusions.—This experiment showed that retinal detachment could prevent the 

vaso-obliterative effect of oxygen, even when hyperoxia was continuously maintained for 


4 days. 


Fic. 1.—Exp. 76, k3 right, 8 days old. After detachment of the temporal half of the 
retina, the kitten was exposed to 70-80 per cent. oxygen for 4 days. On the attached 
nasal side (right of picture) the retinal vessels have been completely obliterated, but 
on the detached temporal side (left of picture) the vascular complexes have remained 


fully patent. 5-33. 


Experiment 82.—One mother cat and two kittens (k1, k2) 7 days old. 
. Plan.—Procedure as in Experiment 76, but allow kl to survive in air for 18 days and 


k2 for 28 days to demonstrate: 
(a) Effect of 4 days’ 70-80 per cent. — followed by 18 days’ air at 29 days old (k1 left) 
and by 28 days’ air at 39 days old (k2 left). 
(b) As above with retinal detachment (right eyes). 


Results (both eyes injected Indian ink) 
(a) k1 left.—No normal complexes present. Profuse, roughly circular ingrowth of vessels 
at the disc consisting of intraretinal and intravitreal networks, 4 x 5 mm. in diameter (Fig. 2, 
opposite). 
k2 left—No normal complexes present, usual ingrowth of vessels. The intravitreal 
glomerular network was roughly circular 4 mm. diameter, whereas the intraretinal network 
extended further to the nasal side. Maximum outgrowth 4 mm. Total diameter 7 mm. 
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Fic. 2.—Exp. 82, k1 left, 29 days old, control, The usual type of dense retinal and 
intravitreal vasoproliferation is seen around the disc in a kitten exposed to 70-80 
per cent. oxygen for 4 days and then allowed to survive in air for 18 days. No 
normal complexes were present (cf. Fig. 4). x19. 


(6) kl right.—Anteriorly retina irregularly detached and posteriorly mostly in situ. No 
evidence of vaso-obliteration, normal three complexes present, densely proliferating, 
particularly at upper temporal periphery—maximum outgrowth 8 mm. No intravitreal 
proliferations but the retinal vessels extended deeply into the retina and in many areas 
completely penetrated it to form a polygonal network on its under surface. This down- 
growth was particularly marked at the temporal periphery (Fig. 3). 


Fic. 3.—Exp. 82, k1 right, 29 days old. 
After retinal detachment the kitten was 
exposed to 70-80 per cent. oxygen for 4 
days and then allowed to survive in air 
for 18 days. A posterior view of the 
retina shows vessels extending through 
to form a network on its under surface. 
No intravitreal vessels were seen in this 
case. X15. 
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k2 right.—Generalized folded detachment but the retina appeared most closely in ap- 
position over the tapetum. The whole vascular network was fully open. and the main vessels 

were normal in distribution, but the coniinry Patines was irregularand markedly nie. 
Over the whole surface there were intravi proliferations of the glomerular and loop type, 
and these were particular! # barby sindiig sean bacgerstnar rid mcs He In this detached 
portion vessels had proliferated through the retina towards the choroid and emerged on the 
subretinal surface, particularly in the lower temporal quadrant, where they had formed a 
coarse plexus of finely intertwining vessels (Figs 4, 5 6, opposite). 


Conclusions.—This experiment confirmed the previous experiment, that retinal detach- 
ment prevents oxygen vaso-obliteration. Both kittens showed that detachment permits 
the retinal vessels to extend deeply towards the subretinal surface to form a plexus ina 
normally avascular area. The absence of intravitreal vessels in kl and their presence in 
k2 is difficult to explain without a knowledge of the extent of detachment at the time of 


oxygen exposure. 
Discussion 

The first experiment (76) confirms our previous observations that retinal 
detachment prevents the vaso-obliterative action of oxygen, and it shows in 
addition that even though a degree of ambient hyperoxia, which normally 
leads to total vaso-obliteration, be continuously maintained for 4 days it is 
without effect on the vessels in a detached area, whereas the vessels in an 
attached portion of retina obliterate completely in the usual way (Exp. 76, 
kl, k2, k3, right). We, therefore, believe that effective concentrations of 
oxygen are unable, either through inadequate diffusion or impaired transfer, 
to reach the detached retina, although the unlikely possibility that there may 
be differences in reactivity to oxygen between the attached and detached 
retina cannot be excluded. 

The second experiment (82) in which the retina was detached before 
oxygen exposure, and the animals then allowed to survive in air for periods of 
18 days and 28 days respectively, showed a marked proliferation of vessels 
outwards through the detached retina to form a dense polygonal network on 
its outer surface. In only one animal, however, (k2 right) was there intra- 
vitreal proliferation; this occurred over the whole surface of the retina and 
was particularly in evidence where the retina was freely detached. 

The control eyes showed the dense intravitreal proliferation which con- 
stantly follows complete vaso-obliteration, and, as usual, there were no 
penetrating vessels on the outer surface. 

From the first experiment and from previous studies it had been expected 
that survival in air after oxygen exposure might lead to vasoproliferation 
from those portions of the retina which remained attached in oxygen, 
whereas no proliferation was expected to occur in detached areas where the 
preliminary phase of vaso-obliteration had been prevented. 

However, in the actual experiment (Exp. 82 quoted above), the results 
were not so straightforward as anticipated and although the detached retina 
behaved entirely differently from the attached retina, the findings are difficult 
to interpret for two reasons. First; one has no knowledge of the extent or 
site of detachment during the actual period of oxygen exposure. Thus in 
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Fic. 4.—Exp. 82, k2 right, 39 days old. After retinal detachment the kitten was 
ex to 70-80 per cent. oxygen for 4 days and then allowed to survive in air for 


posed 
28 days. There was a generalized folded detachment and over the whole surface 
of the retina new vessels had proliferated into the vitreous—see also Fig. 5. Vessels 
also extended through the retina (cf. Fig. 6). x 5-33. 


Fig. 5—High-power view of Fig. 4. Disc Fic. 6.—Posterior view of Fig. 4. Vessels have 
penetrated the retina to form a polygonal 


gion shows glomerular tufts and loops of a " 
Wessels extending into the vitreous. x11. plexus of finely intertwining vessels on its under 
surface. x25. 
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one animal (Exp. 82, k2 right) the retina was found to be totally detached at 
post-mortem examination, but may have been only partially detached in 
oxygen. Secondly, it was found in another series of experiments that 
detachment itself, without oxygen exposure, can give rise to abnormal 
vasoproliferation both outwards through the retina and inwards into the 
vitreous (Ashton and Cook, 1955). 

Hence it is not possible to determine to what extent the varying degrees oi 
vasoproliferation obtained in our second experiment were due to oxygen 
vaso-obliteration, to the modification of yaso-obliteration by detachment, 
or to detachment alone. : 


Summary 


(1) Experiments are reported which show that detachment of the develop. 
ing retina prevents the vaso-obliterative action of oxygen even though a 
normally effective ambient concentration is maintained for as long as 4 days. 

(2) Survival in air after such detachment and exposure leads to vaso- 
proliferative changes which cannot be distinguished from those found in 


detachment alone. . These findings are discussed. 
We are indebted to the Medical Research Council for a grant towards the expenses entailed 


in this work. . 
It is a pleasure to acknowledge the assistance of Messrs, G. E. Knight, D, Walters, and J. Priest, 
and Miss E. FitzGerald in these investigations. 


REFERENCES 
ASHTON, N., and Coox, C. (1954) British Journal of Ophthalmology, 38, 433. 


(1955). [bid., 39, 449. 





hed at 
ed ip 
3 that 
ormal 


to the 


ees of 


xygen 
ment, 


elop- 
igh a 
days. 
Vaso- 
id in 


Mailed 


Priest, 











Brit. J. Ophthal. (1955) 39, 463. 


INFLUENCE ON CORNEAL PERMEABILITY OF 
BATHING WITH SOLUTIONS OF DIFFERING 
REACTION AND TONICITY* 7 


BY 


D. M. MAURICE 


Medical Research Council, Ophthalmological Research Unit, Institute of Ophthalmology, 
; University of London 


THE COmmonest method of investigating the permeability of the cornea is to 
bring a solution of the test substance into contact with its epithelial surface 
and to measure how much penetrates into the aqueous humour or into the 
stroma of the cornea itself. Clearly, it is desirable to know what range of 
properties of the test solution may be tolerated without causing changes in 
the property that is being measured. A related question arises in the 
preparation of pharmaceutical agents for instilling into the eye where 
maximum action should be obtained without causing any damage to the 
tissues. 

One such property, about which disagreement exists, is the tonicity of the 
solution. Nakamura (1923) carried out experiments which suggested that 
both hypotonic and hypertonic solutions caused an increase in the per- 
meability of the cornea as a whole to ionic substances. Potts (1953) reached 
similar conclusions and located the tonicity which gave the minimum 
epithelial permeability at the equivalent of 1-35 per cent. NaCl, which he 
inferred was the tonicity:of tears. Many investigators, however, have used 
test solutions made isotonic with blood, that is the equivalent of 0-9 per cent. 
NaCl. The conclusions drawn by both Nakamura and Potts did not seem 
in every case to have a satisfactory experimental basis, and it was decided to 
re-investigate the problem by determining the penetration of "Na into the 
eye from solutions of differing tonicity. a 

The experiments described here show no evidence of an increase in epithelial 
permeability over the range of tonicity 0:-9—10 per cent. NaCl. Hypotonic 
solutions did, however, cause the rise in permeability described by Nakamura 
and Potts. It was also found that an increase in the tonicity of the 
bathing solution in the neighbourhood of 0-9 per cent. NaCl caused an 
increase in the permeability of the corneal endothelium, that is, of the 
cellular Jayer covering the cornea on the side remote from the solution. 
Whether this increase was a result of damage to the layer or an active process 
was not determined. 

The reaction of the bathing solution is an influence which has remained 
virtually uninvestigated as far as ionized substances are concerned. For 
poorly dissociated compounds the changes in penetration have been cor- 
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related with changes effected by the pH on the degree of association of the 
substance rather than on corneal permeability (Swan and White, 1942; 
Cogan and Hirsch, 1944). The measurement of the permeability of the 
corneal epithelium.to *4Na when exposed to buffered solutions of differing 
PH forms another object of this investigation. It was found that it remained 
unchanged within the range pH 4— 10, but rose outside these limits. 


Methods 


Procedure.—The experimental technique was similar to that previously described 
(Maurice, 1951) but differed sufficiently in detail to warrant a fresh description. Adult 
rabbits, not selected for size, were anaesthetized with intraperitoneal urethane and their 
lids trimmed of hair. Each cornea was then tested for the absence of gross epithelial 
damage by instilling two drops of 1 per cent. fluorescein in normal saline and allowing 
them to remain on the eye for one minute, after which they were gently flushed away with 
1 ml. saline. If any staining of the cornea was visible to the naked eye it was rejected. 
The animal was laid on its side and the skin covering the lids was gripped at four points 
by sharp-pointed clips. These clips were suspended by rubber bands from a frame 
standing a few inches above the head so that the lids were lifted up and away from the 
eye. The test solution, warmed to body temperature, was instilled into the basin formed 
by the conjunctival sac so as to cover the cornea; its level was maintained from time to 
time if loss occurred through the naso-lacrimal system. 

After 93 min. the solution in the basin was withdrawn into a syringe, the eyelids freed 
from the clips and the eye subluxated; its surface was washed with 20 ml. saline at 10 min. 
from the first instillation. The corneal surface was quickly dried with the end of a rolled 
filter paper, and a 20-gauge needle mounted on a 1-ml. syringe was pushed through the 
cornea into the anterior chamber, the aqueous humour mixed by withdrawing a little 
and returning it, and then the anterior chamber evacuated as completely as possible. 
The cornea was gripped in a pair of forceps and was cut free with a border of sclera 
attached using sharp-pointed scissors. It was then freed from lens and iris, blotted on 
filter-paper and the surrounding ring of sclera trimmed off. The preparation of the 
cornea from washing to drying regularly took from #-1 min. 

Directly the experiment on the one eye was completed the animal was turned on its other 
side and the second eye was treated similarly. The animal’s head lay over a 2-in. square 
hole in the table while the first eye was being operated upon in order to avoid damaging 
the second cornea. 

The radioactivity of the aqueous humour, cornea, and test solution was determined in 
the manner previously described. An F 10 liquid counter (20th Century Electronics), in 
which the sample fills an internal helix of capacity 0-3 ml., was used for the assay. 


Test Solutions.—The “Na was received in the form of NaCi or NaHCO, and was made 
up in distilled water to the equivalent of 0-9 per cent. NaCl. To the bicarbonate a few 
drops of bromothymol blue were added and it was neutralized with HC1. To each 
100 ml. of the solution was added 1 ml. of 10 per cent. fluorescein solution. This served to 
locate splashes and to determine when the corneal epithelium was altered sufficiently by 
the test solution to stain visibly with fluorescein, the usual clinical test for damage. 

To prepare the solutions of differing tonicity the radioactive solution was mixed with 
an equal volume of one of a series of NaC1 solutions, from 19 per cent, to distilled water. 
The final solution varied in strength, therefore, from 10-0-45 per cent. NaCl; to 
every 10 ml. of this was added 0-5 ml. of M/5 phosphate buffer at pH 7:4. 

In a separate set of experiments, the effect of 1 m!. of the radioactive solution in 9 ml. 
0-9 per cent. NaCl was compared with the effect of 1 ml. in 9 ml. isotonic (5-2 per cent.) 
glucose solution. Also determined separately was the influence of NaCl solutions more 
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dilute that 0-45 per cent., these being made up by mixing the radioactive solution with 
the appropriate volume of distilled water. 


The solutions of differing reaction were made by mixing the radioactive solution with 
an equal volume of 0-3 M glycine, citrate, or borate buffer. A few in the neighbourhood 


of the physiological pH were made up with phosphate buffer in the p1oportions used for 
a solution of tonicity 0-9 per cent. NaCl in the previous series. The reactions of the 


test solutions were measured before instillation with a Cambridge pH-meter and miniature 
type glass-electrode, an * Alki” electrode being used for the most alkaline solutions. 


The solution removed from the conjunctival basin was generally tested also. As a rule, 
it had moved a few tenths of a pH unit towards neutrality from its original value, and an 
average of the two readings was taken as being representative of the whole period. 

Generally, three or four animals were operated on in a day and with each animal the 
test solutions used for the two eyes were of different pH or tonicity; any one solution was 
tested as often on second eyes as on first eyes whenever possible. The test solutions were 
chosen from, as a rule, three stock solutions of different pH or tonicity which were selected 
without systematic order and prepared each day. 


Results 


General. 
to remain in contact with the outer surface of the cornea has been described 
in detail elsewhere (Maurice, 1951; 1953). After sufficient time has elapsed 
for it to diffuse across the corneal stroma, its penetration is controlled by 
the resistance of the two limiting cellular layers of the cornea. The “Na 
passes very slowly across the epithelium into the stroma and then about one 
hundred times more readily across the endothelium into the aqueous humour. 


Under comparable conditions, the total quantity of “Na which enters the 
cornea and aqueous humour is proportional to the epithelial permeability. 
For a short experimental period, t, before a considerable fraction has been 
lost across the endothelium, the concentration of Na in the cornea q,, is 
determined by: 

a, M, 1 

a, At 

where a, is its concentration in the test solution K,, the permeability of the 
epithelium, and A and M, the superficial area and mass of the cornea. 
Since the factor M,/A varies only slightly from eye to eye, K,, is given by a, 
if the values of a, and ¢ are fixed. 

For experimental periods of the order of 10 min., long compared with the 
time taken for the ion to cross the corneal stroma but sufficiently short for 
a,, its concentration in the aqueous humour, to remain low in comparison 


with a,: 
a,=K.,, MW wf a, dt 
al ae 


where K,, is the endothelial permeability, M, the mass of the aqueous, and 
r'., the value of the ratio a,/a, at equilibrium (Maurice, 1951). 


K,, ae 
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From these two equations we have: 

a,M, , 2 
=a Hs 
so that under comparable conditions the ratio a,/a, is a measure of K,,. 

Account must be taken of the exchanges between the aqueous humour 
and the blood. A small fraction of the *Na which enters the anterior 
chamber from the cornea is lost by the drainage of the aqueous humour. 
At the same time Na passes into the general circulation from the test 
solution across the conjunctiva and enters the anterior chamber in the 
newly formed aqueous humour. When the two eyes of an animal are being 
experimented on in turn the second aqueous humour will gain a greater 
concentration of “Na from the blood and the comparison of the two values 
of a,/a, will be in error. From the experiments which were carried out 
with a bathing solution of tonicity 0-9 per cent. NaCl and of non-toxic pH, 
the ratio a,/a, for 29 first eyes was 5-25 per cent. + 0-32 (S.E.M.) and for 25 
second eyes 6°80 per cent. + 0°54. This difference agreed well with that 
which was calculated from the measurement of the gain of “Na by the 
plasma in some experiments and its known rate of exchange between blood 
and aqueous humour. The error from this cause can be reduced to neg- 
ligible proportions by testing a solution on first and second eyes alternately. 

The amount carried to the aqueous humour by the blood seems to be 
relatively of more importance in those eyes which have a low epithelial 
permeability. In the same 54 eyes those which had an epithelial permeability 
below the median value gave an average ratio a,/a, of 6-8 per cent. while 
those above gave 5-2 per cent. Caution needs to be exercised, therefore, in 
interpreting small rises in the ratio in eyes which have a low epithelial permea- 
bility. : 

Differing pH.—In Fig. l(a) each point corresponds to a determination of 
a, expressed as the number of counts/min./g.tissue. The experimental 
values are adjusted so as to make the activity of the test solution, a,, equal to 
100 counts/min./ml. It is seen that there is no significant change in 
epithelial permeability over the range pH 4—10. Beyond these limits it 
rises, the increase being particularly marked for alkaline solutions; at 
pH 11 the epithelial resistance is almost entirely destroyed. The values 
obtained appear to be independent of the buffer used. 

In Fig. 1(b) each point corresponds to a determination of the ratio a,/a,. 
This ratio and therefore the endothelial permeability does not seem to show 
any significant trend over the whole range of pH. It is unlikely, however, 
that there are any large changes of pH within the cornea, because of the 
buffering power of the corneal proteins; certainly, changes in the buffering 
region of collagen, that is outside the range pH 5 — 9-5, are improbable 
(Bowes and Kenten, 1948). 


Differing Tonicity.—In this series it was found that the weights of those 
corneae which had been in contact with the extremely hypertonic solutions 
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Fic. 1.—Influence of reaction on permeability of cornea. 

(a) Permeability of epithelium given by 24Na activity in cornea; activity of 
bathing solution 100. 

(b) Permeability of endothelium given by ratio of activity in aqueous to that 
in cornea. 

Each point corresponds to one eye. 

Horizontal line and thick bars on right are median, quartiles, and range of 54 
standard eyes. 
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were markedly low, presumably from the osmotic withdrawal of water 
(Fig. 2a). The loss of water from the aqueous humour does not appear to 
be significant under these conditions (Fig. 2b). On account of this variation 
and of marked trends of the ratio a,/a, with tonicity, the value of a, cannot 
be used as a faithful indication of the epithelial permeability. Instead, this 
was measured by the total quantity of “Na which enters the eye, 
a,M,.+a,M,. In order to make the values (plotted in Fig. 2c) directly 
comparable with those obtained in Fig. 1(a), they were divided by a repre- 
sentative value, 100 mg., of the conversion factor M,+ M, a,/a;. 

The epithelial permeability shows the expected increase when in contact 
with hypotonic solutions. The rise starts somewhere in the range 0-675— 
0-9 per cent. NaCl and continues to 0-30 per cent. NaCl, but increases no 
further for 0-18 per cent. NaCl. There is no evident difference between 
solutions of from 0-9 to 2-7 per cent. NaCI in their effect on the epithelium. 
The average epithelial permeability is apparently slightly reduced by contact 
with very hypertonic solutions. 

The results of the experiments in which the test solution contained only 
0-1 per cent. NaCl and was made isotonic with glucose all gave epithelial 
permeabilities within the normal range. Compared to the values in the 
control eyes, made isotonic with NaCl, the values of a, in five animals were 
1-2, 1-05, 2-2, 1-65, 0-79. It is possible that the high values in two cases 
were caused by incomplete washing away of the more viscous glucose solution 
since the relative values of a, are more consistent, 1-0, 1-1, 1-0, 0-73, 1-75. 
It is evident that the large epithelial permeabilities in the main body of 
experiments are caused by the hypotonicity of the solution and not by an 
absence of salt. This conclusion together with that drawn from the results 
with hypertonic bathing solutions may be expressed in an alternative manner: 
that the flux of Na across the epithelium is proportional to its concentration, 
so that the concept of the permeability coefficient, K,., is valid, at least 
within the range 0-1—3 per cent. NaCl. 

The value of the ratio a,/a, plotted against the tonicity of the bathing 
solution (Fig. 2d) shows a marked change in the region of 0-9 per cent. 
NaCl. Unfortunately, the low values corresponding to the hypotonic 
solutions do not unambiguously imply a lowered endothelial permeability. 
In this range the epithelial permeability is raised and it is possible that the 
increase takes place gradually throughout the experiment. This would 
give a low value to a,/a, with a normal endothelial permeability. The 
significance of the low ratios needs to be investigated by extending the 
measurements over a wider range of experimental times. 

The values of the ratio corresponding to hypertonic bathing solutions are 
markedly raised above the level found for 0-9 per cent. NaCl both in this 
series and for the 27 eyes mentioned on p. 466 with epithelial permeabilities 
below the average. Since the epithelial permeabilities found with 1-35— 
2:7 per cent. NaCl test solutions are not significantly different from 
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Fic. 2.—Influence of tonicity on permeability of cornea. 
(a) Mass of cornea. (c) Permeability of epithelium. 


(b) Mass of aqueous humour. (d) Permeability of endothelium. 


Each point corresponds to one eye. 
Horizontal line and thick bars on right are median, quartiles, and range of 54 


standard eyes. 
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those with 0-9 per cent. NaCl solutions, the increase in the ratio in this 
region must correspond to a true rise in endothelial permeability. 


Fluorescein.—The examination of the cornea for staining was made with 
the naked eye in the direct light of a 100-watt bulb immediately after the 
eye was washed free of the test solution. This examination could only be 
cursory as it was necessary to collect the tissues as quickly as possible. The 
impression was gained, however, that the cornea was stained green only 
when a, was more than 1 per cent. a,, that is where the epithelial per- 
meability was more than five times its average normal value. 

In the more acid bathing solutions, the fluorescein stains the cornea 
readily regardless of the state of the epithelium, presumably because it is 
present in a non-dissociated form and enters by virtue of its fat solubility. 


Discussion 

Of the 54 standard epithelial permeabilities measured in these experiments, 
fifty are included in the range 3—9x10* cm./hr. These values are less 
than one half of those which were thought to correspond to normal un- 
damaged corneae in the previous investigation (Maurice, 1951). The reason 
for this difference has not been discovered, since attempts to reproduce the 
earlier experimental technique exactly have failed to give the higher per- 
meabilities. Consistently lower values have been obtained recently, however, 
though small systematic variations still seem to occur. 

The measurements of the endothelial permeability show a greater regularity. 
The value of the ratio a,/a, after 10 min. in 1951 was 5-6 compared to the 
average of 5-2 since found for 29 first eyes. The value then calculated for 
the endothelial permeability, 0-072 cm./hr does not, therefore, need to be 
revised. 

The epithelial permeability to Na is resistant to large changes in pH and is 
independent of the total Na concentration, over a 30 : 1 range. This is in 
contrast to the frog skin where Na is known to be actively transported 
inwards and where the permeability is sensitive to changes of concentration 
and pH (Ussing, 1949), and it is difficult to believe that any active mechanism 
would be unaffected by these variations. The greater part of the movement 
of Na inwards across the epithelium, then, is probably determined by a 
passive resistance to diffusion: as previously suggested (Maurice, 1953) this 
may lie in the extracellular spaces of the wide flat cells of its outer layer. 

There is a similarity in the behaviour of the limiting layers of the cornea 
when osmotic differences are produced across them. When the solution 
bathing the eye is made hypotonic to the stroma the permeability of the 
epithelium is increased, and when the aqueous humour is made hypotonic to 
the stroma by bathing the eye with a concentrated solution the permeability 
of the endothelium is increased. -In both cases this increase does not go 
beyond a certain limit as the tonicity difference is made greater. This 
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behaviour and the magnitude of the raised permeabilities are very similar to 
those observed when the fluids bathing the layers are continuously stirred 
(Maurice, 1951). The tenfold increase in the permeability of the epithelium 
which results is almost certainly an indication of damage, and it is tempting 
to apply the same explanation to the endothelium. The mechanism which 
causes the damage might be an early stage in that which was shown to rupture 
whichever cellular layer was facing the hypotonic solution when the two 
sides of an excised cornea were bathed with solutions of differing tonicity 
(Cogan and Kinsey, 1942; Kinsey and Cogan, 1942). Before the epithelium 
was ruptured, it was seen to be lifted away from the stroma by an accumulation 
of fluid; which, it was believed, was formed by the layer acting as a semi- 
permeable membrane. 

There is no firm ground for supposing that the raised permeability of the 
endothelium is a result of damage, however, nor for drawing any conclusions 
as to the tonicity of tears or of the most physiological test solution. An 
alternative explanation, for example, could be that the changes in this 
permeability are connected with a mechanism for maintaining the normal 
hydration of the cornea. : 

Nakamura (1923) and Potts (1953) have previously carried out systematic 
studies ‘on the influence of tonicity on the permeability of the cornea to ions. 
They both produced evidence that it increased with solutions hypertonic as 
well as hypotonic to body fluids. Nakamura used a technique similar to 
that described here, but he measured the concentration of his test substances, 
fluorescein and iodide, in the aqueous humour only. He used only one eye 
at each tonicity so that the significance of many of the changes he observed 
is uncertain. In most of his experiments he measured the penetration of the 
test ion from a solution supposedly isotonic with tears (1-35 per cent. NaCl) 
after the cornea had previously been bathed for a period with a hypo- or 
hypertonic NaCl solution. The increases he observed in the latter case 
need not, as he believed, have taken place while the hypertonic solution was 
in contact with the cornea. The cornea itself would be hypertonic to the 
body fluids after this treatment, and the epithelial damage could occur 
during the second part of the experiment when the test solution would be 
relatively hypotonic to the corneal stroma. When, in experiments similar to 
those described here, he measured the penetration of fluorescein from 
hypertonic solutions, he obtained no significant changes in permeability if 
the hypertonicity was achieved with NaCl. If the solutions were made 
hypertonic with KI, on the other hand, the permeability to both 
fluorescein and iodide was increased; it is possible, however, that KI, 
in high concentrations damages the epithelium. 

Potts brought the test solution into contact with the cornea in a glass 
applicator which was held on to it by suction. After 20 min. the eye was 
washed and the aqueous humour and a disk of cornea within the area 
covered by the applicator were collected and assayed for the test ion. Three 





412 D. M. MAURICE 


labelled ions were used, “Na, 'Cs, and *2PO,; and a range of tonicities of 
0:6—2:25 per cent. NaCl. At neighbouring tonicities, the scatter of the 
values found for the activity of the test ion in the aqueous humour is much 
greater than that in the cornea—about 30 : { compared to 4:I. This large 
scatter perhaps results from damage to the epithelium at the lip of the 
applicator; comparisons between the values of the activity of the cornea, 
which were obtained from an area not in contact with the lip, should be 
the more meaningful. se 

Potts claimed that the permeability of the epithelium to **Na passed through 
a minimum at a tonicity the equivalent of 1-35 per cent. NaCl. He made 
only one measurement at each tonicity, however, and this conclusion is 
based on the concentration in two corneae with bathing solutions of 1-35 
and {+50 per cent. NaC! being about one half that found at neighbouring 
tonicities. The permeability to either PO, or ™Cs showed no increase 
at higher tonicities. The concentration in the cornea of the former, for 
which there are in general two measurements at each tonicity, shows no 
significant change from 0-6—1-4 per cent. NaCl but is consistently lower 
from 1°6—2°25 per cent. NaCl. The amount of **Cs found in the cornea 
for the total of three measurements that were made at 0-75 and 0-9 per cent. 
NaC] were about four times the average of those at higher tonicities, 

It will be seen that the results of these workers generally do not show any 
increase in permeability with hypertonic bathing solutions under the best 
conditions. Although their results concur with those described here in 
showing an increase with hypotonic solutions the evidence that the rise 
Starts at a tonicity above 0-9 per cent. NaC} is based on very few experimental 
values. 

The only investigation on the effect of the reaction of the bathing solution 
on the permeability to an ionized substance seems to be that of Rohbeck 
(1950) with sulphacetamide. In accordance with the findings with **Na, no 
change in its penetration into the aqueous humour was shown in the range 
pH 5—10. Unfortunately, the number of eyes used at any pH value was not 
disclosed. 

The pharniaceutical application of these studies is that concentrated 
solutions brought into contact with the eye are unlikely to cause any damage 
by their osmotic force; in any case, if drops are instilled they are probably 
500n diluted by tear fluid. If it is desired to build up a large concentration 
of an ionized substance in the eye, the concentration that should be instilled 
is the maximum that wil) not cause discomfort, the equivalent of 1-5—2 per 
cent. NaCl (Krogh, Lund, and Pedersen-Bjergaard, 1945). Drops of higher 
concentrations may stimulate a flow of tears and wash the substance off the 
cornea. Similarly, if there is any benefit to be obtained in altering the reaction 
of the drops this can be done without harm to the cornea within the range 
pH 4—10, but discomfort and a flow of tears may result from exceeding the 


range pH 6-6—9 (Lipschiitz, 1929). ° 
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Summary 
(1) The permeability of the limiting cellular layers of the rabbit cornea to 
24Na has been investigated by bringing a solution of it in contact with the 
eye for 10 min., and analysing the amount that penetrates into the cornea 
and aqueous humour. Test solutions of NaC1i concentrations from 0:18 to 


10 per cent. and of pH from 2 to [{ were used. 
(2) Solutions hypotonic to 0-9 per cent. NaC cause a rise in epithelial 


permeability which reaches a maximum of about ten times normal at about 
0-4 per cent. NaCl. Hypertonic solutions do not alter, or tend to decrease, 
the epithelial permeability. 

(3) Increasing the tonicity of the solution bathing the cornea in the neigh- 
bourhood of 0-9 per cent. NaCl causes a rise in the permeability of the 


endothelium. 
(4) The permeability of the epithelium to “Na is the same with a 0-9 


per cent. NaCI solution as with an isotonic glucose solution. 
(5) Solutions buffered from pH 4—10 do not affect the epithelium but 


outside this range increase its permeability. 
(6) The bearing of these results on the nature of the cellular layers, and 


their application to the preparation of drugs for instillation in che eye is 
discussed. 
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SUBNORMAL BINOCULAR VISION WITH SPECIAL 
REFERENCE TO PERIPHERAL FUSION* 


BY 
T. KEITH LYLE ann JILL FOLEY 


From the Orthoptic Department, Westminster Branch of Moorfields Westminster 
and Central Eye Hospital, London 


IN some cases of unilateral convergent squint the vision: of the squinting eye 
may be suppressed to such an extent that eventually the affected eye appears 
to be almost blind through suppression-amblyopia, and the patient appears to 
rely almost entirely on one eye. On the other hand, in the case of a freely 
alternating squint, the visual acuity of each eye may remain normal through- 
out life, the patient appearing to change fixation from one eye to the other 
(depending upon the position of the object of attention) and to suppress to a 
greater or less extent the central area of the field of vision of the eye which is 
not being employed for fixation. 

In certain cases of convergent squint, however, whether unilateral or 
alternating, if appropriate treatment is carried out, restoration of the full 
function of normal binocular vision occurs. In general, it is true to say that 
the later the onset of a squint and the sooner corrective treatment is under- 
taken the better the prognosis. 

In order to develop normal binocular function in a patient whose binocular 
reflexes are defective, it is generally held that the first step in the treatment of 
the squint is to ensure that the visual acuity of the two eyes is equal. Thus 
occlusion of the fixing eye may be necessary as a preliminary measure. It is 
however important to realize that equal visual acuity is by no means essential 
for the enjoyment of binocular single vision if the binocular reflexes have 
undergone normal early development, as Cases | and 2 illustrate: 


Case 1, a girl aged 6, had visual acuity as follows: 


: ; —3D sph. 
Right eye: with glasses 6D cyl. iP 150° =6/60 and J12. 


Left eye: 6/5 and Jl. 
The visual defect of the right eye was due to a partially cataractous and congenitally - 


subluxated lens. 
The Maddox rod test showed orthophoria and the cover test showed the presence of 


’ binocular fixation. Examination on the major amblyoscope demonstrated the presence 
of fusion and stereoscopic vision. : 
*Received for publication March 11, 1955. 
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Case 2, a girl aged 10, had visual acuity as follows: 


Right eye: with glasses =D a oe =6/6 and J1. 


Left eye: 1/60 not improved with glasses. 

The visual defect of the left eye was due to a patch of myelinated nerve fibres extending 
from the optic disc to the macular region and causing a large central scotoma. Ortho- 
phoria was present as shown by the Maddox rod test and the cover test showed the presence - 
of binocular fixation. Examination on the major amblyoscope demonstrated the presence 
of fusion and stereoscopic vision. 





On the other hand, there are many cases of squint in which, in spite of 
adequate surgical and orthoptic treatment producing equal vision in each eye 
and restoring approximate parallelism of the visual axes, binocular single vision 
has not been restored in the accepted sense; and yet in many of these cases a 
fairly strong “binocular union” appears to have developed so that the 
patient apparently employs his two eyes together with obvious benefit to his_ 
visual judgement. Yet examination on the major amblyoscope may show 
gross central suppression, sometimes absence of fusion, and invariably 
defective stereopsis. 

It has been customary to regard such cases as “ non-binocular ’’ and to 
assess as satisfactory only those in which normal binocular functions can be 
demonstrated on a major amblyoscope or similar apparatus; but many 
patients who fail to reach the accepted standard of normal binocularity appear 
to‘acquire sufficient binocular function after operation to make them more 
efficient at the performance of certain visual tasks, including the ability to 
play fast ball games with skill (e.g. Case 3). 


Case 3, a boy aged 10, had an alternating convergent squint with visual acuity 6/6 in 
each eye and an angle of deviation of +45° with gross alternating suppression. Six 
months after operation (right medial rectus recession and right lateral rectus resection) his 
angle of deviation was 0° L/R 2~ with normal retinal correspondence but no true fusion. 
He was now playing games at school with considerable skill, whereas previously his 
ability in that direction had been poor. 


In some cases the presence of a fixed anomalous retinal correspondence may 
explain the patient’s apparent ability to employ his two eyes together, but 
these form a small percentage of the group outlined above. The features of 
anomalous retinal correspondence are well known, and will not be dealt with 
in this article. 

The group of cases in which we have been particularly interested are those 
in which there is good vision in each eye (the “ better-seeing eye” having a 
degree of acuity not more than 2 or 3 lines better than the other eye as 
measured with Snellen’s test types at 6 m.), normal retinal correspondence, 
symmetrical binocular movements, an angle of deviation between 0° and 10° 
as measured on the major amblyoscope, simultaneous perception, and 
usually the ability to “join” fusion slides. In these cases there is no 
subsequent deterioration in the state of the binocular functions, the angle of 
deviation appears to remain stationary, and there appears to be some form 
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of “ binocular union” between the two eyes. Most of the patients had 
reached this stage as a result of operation, correction of the refractive error, 
or both. In some cases orthoptic treatment and also occlusion had been 
necessary. 

Burian (1947) has suggested that in these cases a fusion mechanism unites 
the peripheral fields of the retinae. 

The recognition of this group of cases is important, for time spent in 
striving to achieve normal binocular functions by orthoptic treatment 
appears to be wasted. A good prognosis can be given as far as the cosmetic 
appearance is concerned, and, moreover, it seems that subsequent con- 
secutive divergence is unlikely to occur. Douglas (1952) questioned whether 
patients with convergent squint in whom the full function of binocular vision 
has been restored have any real advantage functionally over those in whom 
only a satisfactory cosmetic result has been achieved. In raising such a 
~ questionit should be borne in mind that theso-called “‘ cosmetically satisfactory 
cases”’ are not all of the same type. For instance, a review of two hundred 
consecutive cases of non-paralytic convergent strabismus treated at this 
hospital during the period 1950 to 1952 showed that they could be divided 
into three well-defined groups: 

(1) Functionally Satisfactory (patients in whom binocular single 

vision had been fully restored)... ees eas see. eee 39 (20 per cent.) 
(2) Cosmetically Satisfactory , 
(a) Subnormal binocular vision (equal or nearly equal visual 
acuity, normal retinal correspondence, and doubtful fusion) ... 88 (44 per cent.) 
(b) Grossly defective binocular vision (intractable amblyopia, 
abnormal and lack of normal, retinal correspondence) ... ... 73 (36 per cent.) 


THREE-PIN TEST FOR STEREOPSIS.—Assuming that patients comprising Group 2a 
would have better visual judgement than those in Group 2b, twenty patients 
from each of these two groups were examined on the Livingston rotating 
depth perception apparatus. 

A control series of twenty patients with binocular single vision from Group 1 
was also examined for comparison. 

This apparatus, described by Livingston (1942), has a working distance of 15 ft. 
from the head-rest to the centre of the recording system. The subject looks 
through an aperture at three black pins which can be rotated through a horizontal 
axis. The pins are contained in a compartment in which the illumination is evenly 
distributed. Thus such factors as perspective, shadows, etc., can give no useful 
help to the patient. This compartment is connected to the head rest by means of 
a metal rod supported by vertical uprights, and the rod is connected to a wheel 
accessible to the patient. By turning the wheel the patient can alter the position of 
the centre pin. 

To carry out the test, the aperture is first closed, and the examiner sets the middle 
pin so that it stands in front of or behind the two stationary pins. When the 
aperture is opened, the subject is instructed to position the centre pin (by turning 
the wheel) so that all three appear to be in the same horizontal plane. The 
performance of the subject in aligning the centre pin is recorded on a self-recording 


chart. 
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The method of carrying out the test was as follows: 

(1) Each patient was given five tests'to position the middle ts (the pins being used in 
, the vertical position only). 

(2) The time the patient took to adjust the middle pin was iecoinied | in each test. 

(3) The “error” in each instance was recorded (i.e. the distance of the middle pin 
from its correct position.) 

The results are shown in Table I. 

TABLE I 





é 

| Average Time 
Group | Number of Average error for Adjust- 
| Patients (cm.) ment (sec.) 


1 _ Binocular single vision ... | 20 0-76 12-56 
2(a) ** Subnormal ” binocular vision | 20 10-40 22-46 
2(b) Defective binocular vision ae 20 7:07 23-2 

| 











To determine the point at which the middle pin was level with the other two, 
patients with defective binocular vision noticed that the middle pin appeared to 
move to one side as it was pushed backwards and to the other side as it was brought 
forward in front of the stationary pins. Thus the pins were judged to be level 
when the distances between all three appeared to be the same. Fig. 1 shows how 
the pins appear to a patient who 
has a right convergent squint. 

Thus the alignment of the pins 
was carried out by using one eye 
only—the dominant or fixing eye. 

This probably explains why patients 

with a definite squint and defective (q) 

binocular vision (especially those in (@) Middle pin be- (6) Middle pin in 
which one eye was usually preferred _ yond stationary pins. front of stationary pins. 
for fixation) were somewhat more 
accurate in aligning the pins than 
patients who had subnormal bin- 
ocular vision. 

In addition to the test already 
mentioned ten of the patients in 
Group 2b were allowed to move 
their heads to see if the use of (c) 
parallax improved their visual judge- (c) Pins equidistant 

‘ and level. 
ment, but no improvement resulted. tic. t £ pins to a ‘patient with right 
Also ten patients in Group 1 pice ati. a Sere ene tee 
(binocular single vision) were tested 
with one eye covered. This gave similar results to those obtained in Group 25. 

An analysis was also made of the position of the middle pin as determined by 

each patient. For this examination the patients were divided into four groups: 
I. Those with binocular single vision. 
II. Those with normal retinal correspondence. 
III. Those with lack of normal retinal correspondence. 
IV. Those with abnormal retinal correspondence. 
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With the exception of patients with binocular single vision and those with 


abnormal retinal correspondence the. majority positioned the middle pin too far 

















forwards (Tablé II). 
TABLE II 
Percentage 
Group — 

0 ns ee 

I Binocular single vision a oe rns nie 15 23 62 

II Normal retinal correspondence sie he se 78 22 
III Lack of normal retinal correspondence... bes 72 28 
IV Abnormal retinal correspondence .... oak “ai 15 85 

Peripheral Fusion 


The significance of peripheral fusion was first brought to the notice of one 
of us (T.K.L.) in 1940 in the case of a soldier who had received a closed head 
injury and who subsequently complained of diplopia. As the visual acuity 
of his right eye was reduced to 6/60 and J12 (due to a traumatic macular 
lesion with a resulting central scotoma) whereas that of his left eye was 6/5 
and Jl, his medical officer had suspected that the diplopia was spurious. 
However, examination showed the presence of a right superior oblique palsy. 
The presence of fusion (using large test slides) could be demonstrated at 0° 
R/L 10* on the major amblyoscope. After restoration of the visual axes to 
parallelism by means of operation (recession left inferior rectus) the diplopia 
disappeared and binocular single vision was restored, although the visual 
acuity of the affected eye remained 6/60 and J12 and the scotoma was 
unchanged. 

Evidence that peripheral fusion has a stabilizing influence upon binocular 
vision in the normal subject is sometimes afforded by patients who suffer 
from progressive loss of the temporal field of each eye, so that finally 
practically no part of the total visual field is common to the two eyes. In 
such circumstances if the patient happens to suffer from heterophoria he 
may experience diplopia especially when viewing distant objects. 

Case 4, a man aged 50, had a bitemporal hemianopia due to a chiasmal lesion (Fig. 2, 
opposite). Apart from the defective vision the patient complained of diplopia for distant 
objects. On investigation this was found to be crossed and with a slight vertical element, 
which was consistent with the fact that the Maddox rod test (at 6 metres) showed 7* of 
exophoria and 1-5 of right hyperphoria. There was no demonstrable defect of ocular 
movement and the diplopia was approximately the same in extent, except for physiological 
variations, in the various cardinal directions of the gaze. There was no diplopia when 
viewing near objects and convergence was normal. His visual acuity was 6/6 in each 
eye. 


The possibility that the existence of peripheral fusion may enable a patient 
to maintain parallelism of the visual axes in spite of central suppression, may 
account for the infrequency of consecutive divergence in certain cases of 
squint. 
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LEFT EYE RIGHT EYE 
Fic. 2.—Bitemporal hemianopic field defects due to a lesion of the optic chiasma. 


Posner and Schlossmann (1951) state that peripheral vision being orienta- 
tional in function and more primitive in origin than central vision, it is more 
stable and more likely to remain intact after central suppression has de- 
veloped to a relatively high degree. 

Panum (1858) first established that images falling on slightly disparate 
points of the retinae can be fused, and that these areas of fusion, now known 
as Panum’s areas, increase in size towards the extreme periphery. It would 
seem feasible therefore, that in cases of strabismus of small degree in which 
a central suppression scotoma exists, fusion of images formed on disparate 
points of the periphery may occur provided the images fall within the limits 
of Panum’s fusional areas. 

Burian (1947) discovered that the displacement of images stimulating 
corresponding points in an area around 12° from the macula can cause 
disruption of fused macular images. Ina number of tests, he established that 
peripheral fusion was present in patients with a central sensory disturbance 
if stimulation of the central area was avoided, while patients with no central 
sensory disturbance could not appreciate peripheral fusion stimuli, but 
either suppressed one image or experienced diplopia. 

These views are confirmed by Ogle (1950), whose experiments revealed 
that peripheral stimuli subtending a visual angle of 0-5° at an angular distance 
of 12° from the fovea produced definite fusional movements. 

At a distance of 5° from the macula, visual acuity decreases to 6/60 or less. 
With the constant demands of central vision, peripheral fusion can only exist 
in a rudimentary form, but it is now believed that its presence may be of some 
value in certain cases of strabismus in which surgical or other treatment has 
failed to achieve the accurate alignment of the visual axes necessary for the 
development of bi-macular correspondence, or in which in spite of alignment 
of the visual axes, bi-foveal fixation has not developed on account of central 
suppression. 

The investigations carried out by Burian and Ogle were based on the theory 
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that peripheral fusion can cause disruption of central fusion, peripheral 
fusion being, as it were, stronger than central fusion. The test described 
below which has been carried out in our cases is based on the same principle: 


SCREEN TEST FOR PERIPHERAL FusION.—The patient sits in a dark room 5 metres 
from a screen which is marked out by a series of vertical lines placed at 10-cm. 
intervals on each side of the fixation point. The patient’s eyes are dissociated by 
means of polaroid spectacles, the plane of the polaroid being horizontal in front 
of one eye and vertical in front of the other. 

Two squares of equal brightness, subtending a visual angle of 0-5°, are projected 
on to the centre of the screen, one square being bisected by a horizontal line and 
the other by a vertical line. These squares are polarized to correspond with the 
patient’s glasses, so that he sees the square with the horizontal line with one eye 
and the square with the vertical line with the other eye. The lines in the squares 
act as controls, so that when correctly fused they should appear as a cross (Fig. 3). 

The position of the squares is adjusted according to the angle of deviation, and 
the patient is instructed to fix on the fused square. 


PERIPHERAL SQUARES 





CENTRAL SQUARES 
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Fic. 3.—Screen test for peripheral fusion. 
P.H. Polaroid horizontal M, MI Maculae 
P.V. Polaroid vertical A, Al Corresponding points 


The peripheral targets consist of two similar squares polarized in the same manner 
as the central targets, and containing similar controls. These are projected on to 
the screen 25° from the fixation point, and positioned so that the images fall on 
corresponding points of the periphery of the patient’s retinae (Fig. 3). These 
squares are moved slowly inwards towards the area of central vision until the 
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patient observes that theyarefused. Theyarethen separated until disparity becomes 
too great for fusion to be maintained and the patient notices diplopia or suppression 
of the peripheral and/or central targets. This procedure is repeated until the 
peripheral squares have been brought into the area of central vision. 

Three sets of peripheral targets were used, subtending a visual angle of 10°, 5°, 
and 2-5° respectively. 

By way of variation, the test. was also carried out with the patient wearing red 
and green goggles for dissociation instead of polaroid spectacles and with red and 
green filters placed in front of the slides instead of the polaroid material. The 
patient therefore saw the red square (containing the vertical line) with one eye, 
and the green square (containing the horizontal line) with the other eye. 

In cases of amblyopia, the beam of the projectors containing the slides seen by 
the non-amblyopic eye is dimmed so that the squares appear to the patient to be of 
equal brightness. 

The disadvantages of these methods are obvious because, the test being entirely 
subjective, the patient must be of an age to understand what is required. Our 
results have been inconsistent and depend to a large extent on the patient’s 
alertness, powers of concentration, and ability to comment on his own observations. 

Owing to the variability of the results obtained when examining patients with 
convergent strabismus, it was thought advisable to find out the reaction to these 
tests of subjects whose binocular vision was normal. Of a total of seventy 
patients examined, fifty had binocular single vision, and twenty had a convergent 
strabismus of less than 10°. 


Results.—The distance from the macula at which the patient first noticed peri- 
pheral fusion varied according to the size of the peripheral squares. In most cases, 
fusion first became apparent at an angular distance of about 9°, 12°, and 15° from 
the macula with peripheral squares subtending a visual angle of 2-5°, 5°, and 10° 
respectively (Table III, overleaf). 

In cases in which peripheral fusion could be demonstrated, there was generally 
some intermittent peripheral suppression, i.e. the patient noticed the disappearance 
of one or other control from time to time. In some cases, however, alternating 
suppression was so rapid that fusion of the squares was rarely noticed, a situation 
best described by one patient’s remark: 

I can see one square, but only one line at a time, sometimes the vertical and some- 
times the horizontal. Occasionally I see a cross in the square, but only for a moment. 

Suppression tended to become less intense as the peripheral squares approached 
the area of central vision; this was not invariable, for in a few cases the situation 
was reversed and suppression became more intense in the central area. 

The incidence and intensity of suppression in the periphery did not appear to 
vary according to the dimensions of the peripheral squares (Table III, a, 5). 

In thirteen patients with convergent strabismus, the angle of deviation 
increased under cover, and, although on removing the cover there appeared to be 
a recovery to parallelism of the visual axes and binocular fixation, the presence of 
fusion could not be demonstrated on the major amblyoscope (Table III, c). 

It is interesting to note the response to peripheral fusion stimuli in cases of lack 
of normal retinal correspondence. Here, difficulty arose over the correct position- 
ing of the peripheral squares, since subjective bi-macular supetimposition was not 
possible, but in five of a total of twelve cases, peripheral fusion could be demon- 
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TABLE Il ; 
RESULTS OF SCREEN TEST 
Test | Polaroid « Red and Green 
Patients i 
) Visual Angle subtended by ~ ' ae 
| Peripheral Squares (°) 10 | s[ 2s 10) 5 | 25 
] Without suppression ) 11) 13 10 ) 14) 10 | 9 
\ With — intermittent Eve ee { 
(@) 50with suppression EE 31) 29 19] 20 } 19 
Binocular Peripheral ~ 
Single Fusion With momentary 
Vision suppression only | 5 | 5 | ll his | 16 ) 14 
None 1} 1 } pr ) 2) 4 8 
Total \so| so | so |s0| so | 50 
| Without suppression | 4 | 4 1 | 2 | 1 1 
(b) 20 with 
Convergent | | With — intermittent | | | | | | 
Strabismus 3 suppression 10 9 8 5 5 5 
(average angle | Peripheral 
of deviation | Fusion { With momentary | | | | | 
sanionere | suppression only | 1 1 2 1 1 2 
+s) | | None (s{ 6{ 9 /i2{ 3 {2 
| Total. }20) 20) 20 ) 20) 20) 20° 
\ Without suppression 
| Without supp ihe Ee ae 
{ With intermittent | 
: } | suppression eee 6 5 | 4 4) 3 3 
@)  i3with {| : | — 
“ Binocular Peripheral With momentary 
Fixation” | Fusion suppression only i 1 | 2 | 1) 1 2 
but no Fusion | 
| None pal = fe Uae bo 
13 13 3 (3{ 3 [13 
\ 


| Total 





strated, although its presence was fleeting. In all these cases, the deviation was 
manifest only on dissociation by the cover test, with an apparent fusional effort 
to regain binocular fixation on removal of the cover. This recovery also occurred 
in the four cases in which peripheral fusion was not demonstrable. 

Response to Central Targets.—Since, according to Burian and Ogle, peripheral 
fusion can cause disruption of central fusion, it was to be expected that, in the 
event of peripheral fusion being maintained, central diplopia would occur on 
separation of the peripheral squares. But of the fifty patients with binocular 
single vision, central diplopia occurred in only ten with the polaroid test, and in 
only eighteen with the red and green test. Diplopia was momentary, central 
fusion being re-established immediately the peripheral squares were re-positioned 
so that the images fell on corresponding points of the periphery of the retina, Of 
the twenty patients with convergent squint, central diplopia occurred in only one 
with the polaroid test and in two with the red and green test. 

Amplitude.—\t was not expected that peripheral fusion amplitude would amount 
to more than a few degrees, 7.e. according to the dimensions of Panum’s area where 
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the separation of the peripheral squares occurred. Of the fifty patients with 
binocular single vision, peripheral fusion amplitude varying between 2° and 6° was 
elicited in twelve, whereas of the remaining 38 patients, 32 noticed peripheral 
diplopia immediately on separation of the peripheral squares and six suppressed 
the vision of one eye. 

Of the twenty patients with convergent squint, peripheral fusion amplitude was 
elicited in three, immediate peripheral diplopia in eight, and suppression in eleven. 

It would seem, therefore, that despite varied results due to the difficulties 
involved in testing in the periphery, peripheral fusion can be demonstated in 
patients with normal binocular single vision, and also in patients with con- 
vergent strabismus with central suppression, although in the latter peripheral 
suppression may be more intense. 


STEREOSCOPE TEST FOR PERIPHERAL Fusion.—Further investigation of peripheral 
fusion has been carried out using a stereoscope of the Pigeon-Cantonnet type, as it 


was thought that such a method would more closely represent the state of affairs 
normally obtaining in the binocular panorama. 


The stereoscope used consisted of an enlarged version of the Pigeon-Cantonnet 
instrument having a black wooden base divided by a septum on which was mounted 


a mirror (Fig. 4). The septum measured 33 cm. making a working distance of 
one-third of a metre. Thus an apparent displacement of an object by | cm. 


represented a deviation of three prism dioptres. The base of the stereoscope was 
marked in centimetres so that the angle of deviation and range of fusion could 


be measured in prism dioptres. The instrument was at first used with the flaps 
of the base forming an angle of 130°, this angle being bisected by the septum. 


It was found, however, that with the flaps i in this position, a notable reduction of 
the peripheral field occurred, and the small difference in the size of the images 


caused by using the instrument with the base in a flat position was negligible. 
SEPTUM AND PROJECTED 
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Fic, 4.—Stereoscope test for peripheral fusion. 
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Method of Testing.—Two fusable pictures are placed on either side of the septum. 
The patient fixes the object on the non-mirror side; the object on the mirror side 
is projected to the opposite side so that the two images can be superimposed. The 
pictures consist of two houses (Fig. 5) subtending a visual angle of 25°, with controls 
(chimneys and cross lines on windows) at 10° and 23° from the fixation point 
(the door knob). While maintaining fixation on the door knob, the patient 
comments on suppression or diplopia experienced in the periphery. When the 
patient kas positioned the two pictures so that they appear fused, the picture on the 
mirror side of the septum can be moved towards or away from the septum causing 
divergence or convergence, and the fusion range can be measured on the scale. 
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(c) 
Fic. 5.—Pictures used in stereoscope test for peripheral fusion. 


Investigation of peripheral fusion by the stereoscope differs from that by the 
screen test in that here the entire picture is separated, whereas in the screen test the 
peripheral targets are separated independently of the central targets, so that one 
set of corresponding points opposes the other, and either peripheral or central 
diplopia must inevitably occur. Thus, with this test there is no means of determin- 
ing whether peripheral fusion can cause disruption of central fusion, and the 
examination must be regarded merely as a means of establishing that peripheral 
fusion can be demonstrated. 


Fifty patients were tested with the stereoscope. Twenty of these had binocular 
single vision, and the results corresponded roughly with those of the screen test 
(i.e. all could obtain peripheral fusion), but in most cases there was intermittent 
suppression of the peripheral controls. 


The remaining thirty patients were divided into three groups of ten: 


(1) Ten who, like the thirteen mentioned in the screen test, were unable to maintain 
fusion on the major amblyoscope, but appeared to have binocular fixation when examined 
by the cover test. 

Peripheral fusion could be demonstrated in eight cases. (The two in which peripheral 
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fusion could not be demonstrated are interesting in that they probably indicate that the 
test is too sensitive). 

(2) Ten patients with fixation disparity*, i.e. a condition of binocular single vision in 
the absence of bi-foveal fixation. , 

As was to be expected, peripheral fusion could be demonstrated in all the ten patients 
when tested with the stereoscope. There was intermittent peripheral suppression in most 
cases, approximately in the same proportion as that found in the patients with binocular 
single vision. Tests with the special stereoscope revealed central suppression to a greater 
extent than could be demonstrated by the usual test on the major amblyoscope, but the 
range of fusion averaged about 15° with both tests. 

Jampolsky (1951) believes that fixation disparity is due to abnormal retinal correspon- 
dence with anomalous peripheral fusion. Swan (1950), on the other hand, states that in 
amblyopia Panum’s area may become enlarged, so that with a disparity of 5°, binocular 
single vision may be maintained. 

(3) Ten patients with convergent squint, who had been treated surgically and whose 
post-operative condition suggested that the spontaneous development of peripheral 
fusion, or possibly the spontaneous development of binocular single vision, was likely. 
All these patients had been discharged with a manifest angle of deviation of less than 5° 
horizontally, and less than 2~ vertically as measured on the major amblyoscope, equal 
or nearly equal visual acuity, and normal retinal correspondence, but no fusion. 

The average age at onset of squint was 24 years, and none of the patients had been 
operated upon before the age of 5 years. On re-examination, after a minimum interval of 
3 years, peripheral fusion could be demonstrated in all cases, and one patient had 
developed binocular single vision with intermittent deviation and a good range of fusion; 
a second patient (Case 5) had developed fixation disparity in which the angle of 
deviation was partly esotropic and partly hypertropic. 


Case ‘es a boy aged 5, had a right convergent squint first noticed by the parents when he was 3 
years ol 
+3-75 D sph. _ 
Visual Acuity (with glasses).—Right eye 1-50 D cyl. axis 90° = 6/36 
+1-25 D sph. 
Left eye 9-75 D cyl. axis 90° ~ 99 
Major Amblyoscope.—Angle (with glasses) +25° R/L 25 to 40 (objective measurements). 
Pre-operative Treatment.—Occlusion of the left eye resulting in equal vision, i.e. vision with 
glasses, right eye 6/9, left eye 6/9. 


a the age of 9 years (Right inferior oblique myectomy. Right medial rectus 
Tecession). 

A course of orthoptic treatment was given post-operatively. 

Visual Acuity (with glasses).—Right eye 6/6 pt. Left eye 6/6. 

Cover Test.—Small degree of right convergent strabismus for near and for distance, with slight 
right hypertropia. 

Major Amblyoscope.—Angle (with glasses) +1°, R/L 24. 

Simultaneous macular perception was present with foveal asiiuadils of the right eye. No 
fusion. No stereoscopic vision. 


At the age of 12 years he was re-examined: 

Visual Acuity (with glasses).—Right eye 6/9 pt. Left eye 6/5. 

Cover Test.—Right eye becomes hypertropic under cover. 

Major Amblyoscope.—Angle (with glasses) 0° R/L 2. No change in the binocular vision. 


*Since controversy exists over the characteristics of fixation disparity in strabismus, these are outlined below: 
(a) Constant slight uniocular esotropia (the angle of deviation may increase under cover). 
(6) Amblyopia of the esotropic eye amoun to not more than three lines difference between the 
squinting and non-squinting eye, the visual acuity for near being usually equal and normal in each eye. 
; (oc) — of deviation 5° or less as measured on the major amblyoscope with an angle of anomaly of 
° or less. 
(d) Fusion, with a fusional range of about 15°. 
(e) Appreciation of physiological diplopia in most cases. 
(f) Stereopsis in some cases. 
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He was unable to appreciate physiological diplopia. 

Examination on the large Pigeon ~Cantonnet stereoscope showed that there was considerable 
right central suppression, but he could superimpose the pictures and had developed fusion with 
a horizontal range of about 10”. 

When tested on the Livingston rotating depth perception apparatus, he positioned the middle 
pin within 7-5 cm. of zero, averaging 3-2 cm. 


This phenomenon occurred in only one case in the group of ten. In the remaining 
patients, the angle of deviation and the state of binocular vision were approximately the 
same as at the previous examination 3 years before. 


Conclusion 


Although many patients with convergent squint who have normal visual 
acuity in each eye do not attain normal binocular function after treatment by 
operation and/or orthoptic treatment (and occlusion if indicated) a con- 
siderable number of these cases show an improvement of binocular function 
which gives rise to a condition of sub-normal binocular vision. In these 
cases consecutive divergence is rare. It appears likely that a “ binocular 
union ” is brought about by a fusion mechanism which links the visual fields 
of the two eyes in the area of “ field overlap ”. 

Peripheral fusion can be demonstrated in these cases, but as the tests are 
subjective in nature the results are varied and somewhat inconclusive. 

Ideally such tests should reproduce as nearly as possible the natural 
conditions of life. This lack of normality and the difficulty which patients, 
particularly children, experienced in commenting accurately on their own 
observations, may account for our failure to demonstrate peripheral fusion 
in all cases in which it may have been present. The screen test in particular 
presents difficulties, because isolated peripheral targets are presented to the 
eyes without the background which makes up the normal panorama of vision. 

That peripheral fusion exists and plays some part in the establishment of 
an unrefined form of binocular single vision is evident from the clinical 
findings in some cases of squint. Whether the stabilizing effects of peripheral 
fusion can have lasting results, or whether it can eventually lead (in some 
cases) to the development of normal fusion and stereoscopic vision, remains 
to be seen when numerous cases have been followed up for many. years. 


Summary 
An analysis has been made of the state of binocular vision of 200 con- 

secutive and unselected patients with convergent squint treated during the 
period 1950/54 by operation and/or orthoptic treatment and occlusion. The 
patients were divided into three groups: 

(1) Those with binocular single vision. 

(2a) Those with subnormal binocular vision. 

(2b) Those with grossly defective binocular vision. 


To discover whether visual judgement was better in patients with 
“ subnormal binocular vision ” than in those with a gross defect of binocular 
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vision, twenty patients from each group were examined on the Livingston 
rotating depth perception apparatus. All the patients in Groups 2a and 2b 
gave a poor performance as compared with those in Group 1, and, if anything, 
the performance of those in Group 2a was slightly worse than that of those 
in Group 2b. 

A series of the patients with subnormal Pen vision was examined to 
determine the presence of peripheral fusion. 

Twenty patients with subnormal binocular vision (and fifty controls with 
binocular single vision) were examined by the screen test, and thirty patients 
with subnormal binocular vision (and twenty controls with binocular single 
vision) were examined by the stereoscopic test. 

The results are varied and inconclusive owing to the subjective nature of 
the tests, but peripheral fusion with a varying intensity of peripheral sup- 
pression could be demonstrated in all cases in which normal retinal 
correspondence was present. 

Our a are due to the Officer Commanding Central Medical Establishment, R.A.F. (Group- 
Capt. J. Magner) and to the Consultant in Ophthalmology to the R. A.F, (Air Vice-Marshal 
J. C. Neely, C.B.E., Q.H.S.) for their permission to use the Livingston rotating depth perception 
apparatus in the ophthalmic department at the Central Medical Establishment, R.A.F. Our 
thanks are also due to the consultant staff of the Westminster Branch of the Moorfields West- 


minster and Central Eye Hospital for permission to refer to the case records of certain of their 
patients. 
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RECESSION-LENGTHENING OF MEDIAL RECTI FOR 
CONVERGENT SQUINT* 


A PRELIMINARY REPORT 
BY 


K. DEAN FOGGITT 
Hull Royal Infirmary and Western General Hospital, Kingston-upon-Hull 


TEXT-BOOK examples of sirabismus fixus and of the retraction syndrome are 
not commonly encountered. Abnormal medial recti, however, showing 
some tendency towards the fibrosis or muscular thickening characieristic of 
such conditions, not uncommonly appear when ordinary squints are operated 
upon. 

Abnormal medial recti are usually found in congenital convergent squint. 
In most such cases there is limited abduction, suggesting paresis of one or 
both lateral recti, but, when operation is performed, it is usually so difficult 
to abduct the eyes by pulling with forceps that it becomes obvious that not 
eyen a normal lateral rectus could overcome the resistance of the abnormal 
medial recti. On severing the medial recti from their scleral insertions it is 
common to observe a divergence, proving activity of the lateral recti which 
had been presumed to be paretic, or under-developed. 

Bilateral recession of these thick, inextensible medial recti does not give 
suficient correction. Resection-advancement of the lateral recti can help, 
but really good surgical results are not always to be expected in congenital 
convergent squint when these well-established operations are performed. 

Better results in such cases have been obtained since adopting the operation 
of medial rectus recession-lengthening. This operation was designed to 
weaken the over-strong medial recti so that they matched, more or less, the 
weaker lateral recti; at the same time the fibrous contracture was to be 
mitigated, thereby giving the weak lateral recti a chance to contract effectively. 
I first tried this operation 4 years ago and it is now my intention to give a 
preliminary account of the operation and (in geneial terms) of the results 
obtained during the last 4 years. 

Satisfactory results were obtained from this operation, no lateral rectus 
advancement or -resection being required as a rule in cases of congenital 
convergent squint. Encouraged by these successes, the same operation was 
applied io other squints where the medial recti were found to be thickened or 
fibrosed, and good results have usually been obtained. The operation can 
succeed in most cases where the medial recti are relatively much too strong 
or active compared with the lateral recti, with or without fibrous contracture. 


OPERATION 
INDICATIONS.—These fall into two groups, clinical and operative. In most 
cases the former should. be confirmed by the latter at the time of operation. 





*Received for publication March 29, 1955. 
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(1) Clinical 

(a) Congenital convergent squint with restricted abduction of one or both 
eyes. 

(6) Paresis of lateral rectus with secondary contracture of medial rectus. 

(c) Convergent squint of notably variable or capricious angle, not adequately 
controlled by spectacles, with small minimum angle and maximum angle at 
least 20° greater than the minimum. 

(d) Powerful spasmodic convergence. 

(e) Marked convergence with limited abduction—comparable with (a). 


(2) Operative 
(i) Perfectly straight eyes, when general anaesthesia has been induced, 
favour internal recession-lengthening though not a definite indication. 
(ii) Thick, fleshy, over-strong medial recti. 
(iii) Muscle-fibres of medial recti replaced noticeably by firm fibrous, 
tendinous, tissue. 
(iv) Combination of (ii) and (iii). 


CONTRAINDICATIONS 

(1) Angles of squint never exceeding 20° with full range of movements. 

(2) Concomitant squint with fixed angle of convergence and full range of 
movements. 

(3) Maximum convergence not 20° greater than minimum angle, wich full 
movements. 


TECHNIQUE.—Both eyes are normally operated upon, except in slighter cases 
when one eye has simple medial rectus recession and the other has recession- 
lengthening. 
Instruments.—As for simple medial rectus recession, plus one pair of large curved 
artery forceps and one MacDonald’s dissector (periosteal elevator). 
Anaesthesia.—Preferably general. 


The medial rectus is freely exposed, the conjunctival flap being retracted by a 
suture. Tenon’s capsule is separated from the muscle as far posteriorly as 
possible; this dissection is completed by closed 2/3-toothed “ lion-claw ” forceps 
in the right hand along with MacDonald’s dissector in the left hand. The as- 
sistant holds the medial rectus taut with a squint-hook but is instructed to avoid 
pressure on the globe whilst so doing. 

The medial rectus is exposed to view using MacDonald’s dissector as a retractor 
and speculum, and the curved artery-forceps are applied carefully to the muscle 
as far posteriorly as possible, so as to crush two-thirds of the width of the muscle. 
Extreme pressure is applied to the forceps for some 30 seconds, and then the in- 
strument is removed and (except in certain cases to be mentioned below) re-applied 
to the muscle from the opposite border half-way between the insertion into the 
sclera and the first crushed area. Crushing is repeated at this position, again 
including two-thirds of the muscle’s width in the forceps. The artery-forceps used 
for this procedure soon become useless for their intended purpose owing to 
weakening and looseness caused by such strong and sustained gripping. If less 
vigorous crushing is employed there is a risk of severe bleeding which cannot be 
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properly controlled, when the myotomy is performed (Fig. 1). 
Catgut sutures are then placed as for a normal recession. 

_ MacDonald’s dissector is then held, as before, so as to give good vision whilst 
curved scissors are used to perform, firstly, the posterior myotomy, secondly, the 
anterior myotomy. The catgut is watched ‘and guarded by the assistant, who is 

- also still holding the squint-hook. 

The myotomies must be made strictly within the crushed areas of the muscle, 
otherwise bleeding will be excessive and prolong the operation. They should 
sever 40 to 60 per cent. of the width of the muscle according to the degree of 
correction required, and the myotomies must be adequately spaced. The anterior 
myotomy should be 7 or 8 mm. behind the insertion, and the posterior myotomy 
should be 7 or 8 mm. behind the anterior (Fig. 2). 


Xo 


( & 

Fic. 1.—Crushed areas and Fic. 2.—Completion of partial myotomies 
intended sites for myotomy. and of recession. 

Catgut sutures placed as for 

ordinary recession. 

A little bleeding often occurs but should be ignored, and the tenotomy performed 
flush with the sclera. No stump should be left as this is wasteful and unnecessary. 
Swabbing away the blood, a search is made for persistent bleeding-points, which, 
if present, are touched with the heated probe. Bleeding from the muscle should 
not persist, but may call for a wafer of haemostatic material in a case where 
technique has been faulty as regards the myotomies. 

The catgut sutures are then placed so as to give 4 or 5 mm. of recession, in the 
usual manner, and tied. 

The Tenon’s capsule is freed from the suture-points if necessary and smoothed 
into position. 

A continuous black silk suture then closes the conjunctiva. 

The conjunctival fornices are swabbed free of clots, and the other eye is then 
operated upon. 

Guide to Amount of Myotomy. —Where the muscles are fleshy and strong, but 
not appreciably fibrosed, and, therefore, when careful clinical examination fails to 
detect any restriction of abduction, the Table (opposite) gives a scheme which 
usually works out satisfactorily. It should be taken as an approximate guide only. 
The minimum angle of squint indicates what to do to the lateral rectus or recti, 
provided no limitation at all is detectable in abduction and provided no contracture 
or fibrosis is found in either medial rectus. If there is the slightest limitation of 
abduction or if noticeable fibrosis is found in the muscles I avoid touening a lateral 
rectus and increase, somewhat, the myotomies. 

No rule can be suggested for cases with marked contracture by fibrous tissue. 
In young children with convergent squint of congenital type and of severe degree 
I do as much to weaken the medial recti as appears both possible and safe. Two 
myotomies cannot be safely performed in small eyes, and one myotomy of about 
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RECESSION-LENGTHENING OF MEDIAL RECTI 


TABLE 
GENERAL PLAN OF OPERATION. CASES FREE FROM CONTRACTURE 






































Angle of Recession Myotomy Resection 
Convergence Medial Rectus Lateral Rectus 
Min. Max. mm. Eye No. %a Eye mm. Eye 
0. 15 4or5 both one ee aos rate ae 
one — — — _— — 
0 20 5 { other 1 50 other _— _ 
0 25 5 both 1 50 both — — 
0 30 5 both 2 40 both _ _ 
0 35 5 both 2 45 both — — 
0 40 5 both 2 50 both — —_ 
0 45 5 both 2 55 both — — 
20 35 5 both | — es | — | 6 | one 
20 45 5 | both | 1 50 | both | 6 | one 

















66 per cent. and maximal recession is all that can sometimes be done to the medial 
recti in such cases. 


DANGERS OF RECESSION-LENGTHENING.—The performance of more than a 
two-thirds myotomy.must be avoided at all costs, as must the performance 
of too closely-spaced myotomies, and a myotomy too near the tenotomy. 
A 100 per cent. myotomy far back could only happen with gross carelessness, 
or failure to use the scissors under full direct vision. It would not be 
possible to repair a posterior myotomy of 100 per cent. should such a blunder 
be committed. 

Haemorrhage and proptosis can occur, as in one of my early cases, though 
without permanent ill-effect, if the muscle-crushing is done hastily or feebly, 
or (more commonly) if the myotomies do not fall within the crushed areas. 

Over-correction is very rare indeed, provided due regard is paid to the 
indications and contraindications as given above. It is easy, however, to 
overcorrect the squint if the srallest lateral rectus resection is performed at 
the same time as medial rectus recession-lengthening. I would advise against 
this combination of procedures, except when considerable experience has 
been obtained of the recession-lengthening method. It is safer to operate 
upon the lateral recti only at a second operation (not often required). 

An overcorrection caused by adding lateral rectus resection to the medial 
rectus recession-lengthening is a curious one. I have not had any case 
severe enough to indicate re-operation, but the divergence varies abruptly 
during the excursion of the eyes from one side to the other. 

In some cases there is a slight, but definite, limitation of adduction. In 
such cases the cosmetic result is good and there is either alternation or 
amblyopia, so the fault is of no consequence. 
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The tiresome ‘“‘danger”’ of late divergence, so commonly seen after the 
orthodox medial rectus recession with lateral rectus advancement, is ap- 
parently not so much to be feared after the recession-lengthening operation. 
After 4 years, no significant change has taken place in any of my patients, 
though they are nearly all young yet, and may change as they grow. 


RESULTS OF THE OPERATION 

For at least a week after the operation some divergence is usual. A 
bruised appearance may develop if proper haemostasis has not been main- 
tained at operation, but this is of little or no importance. The continuous 
sutures are pulled away 6 days after operation under cocaine anaesthesia, 
and the child can go home on the ninth day. 

The results can be judged 2 to 3 weeks after operation. They are sur- 
prisingly consistent, and are reliable and predictable to a satisfactory degree, 
provided proper attention is given to all relevant factors when planning the 
operation. Most important of these factors are the true minimum and 
maximum angles of convergence. 

The later results, up to 3 or 4 years, appear to be equally satisfactory. This 
operation does not, like the classical lengthening operations, [ose its effect or 
part of its effect after a short time. 

The most satisfactory feature of the operation is the constancy of the eyes 
in remaining straight after operation. A severe squint of very variable 
angle never obtains a really straight correction without occasional divergence, 
after the usual medial rectus recession with lateral rectus resection. In such 
cases the recession-lengthening operation gives notably superior results. 

A detailed presentation of the records of the results of ail cases treated by 
recession-lengthening is not being attempted at the present time, as this is an 
interim report only. A general impression only can be given, based upon a 
moderate number of cases so treated (66, not counting operations combining 
recession-lengthening with other procedures). These cases have constituted 
12 per cent. of a)) squints submitted to operation. 

Icis to be stressed that recession-lengthening of only one medial rectus does 
not often give a satisfactory result, and that to combine this unilateral 
procedure with advancement or resection of the lateral rectus on the same 
side is absolutely contraindicated except very rarely indeed. In cases wherc 
bilateral medial rectus recession would appear slightly inadequate, the 


unilateral operation, with only one myotomy, can be combined with simple 
medial rectus recession on the other eye,and good results will then be obtained. 


Discussion 


The recti are approximately 40 mm. long, and the medial rectus is practically 
all muscle. The lateral rectus is practically the same in size but has several 


millimetres of tendon which cannot contract. Therefore there is normally 
a slightly greater amount of muscular tissue in the medial than in the 


lateral rectus. 
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In a considerable percentage of all convergent squints, possibly over 90 
per cent., both concomitant and incomitant but especially the latter, 
I believe there is some’ gr cater or lesser degree of exaggeration of the normal 
slight dominance in strength of medial over lateral rectus. In many Cases, 
at least, this supposition is well supported by findings at operation. 

In more distinctly pathological cases, and in those with embryologically 
abnormal extrinsic ocular musculature, we see medial recti containing con- 
siderable proportions of tendon-like tissue, instead of the almost invisible 
elastic fibres of the normal muscles. 

The operation under consideration is effective in two ways. Firstly, it 
gives a large recession effect without the limited convergence that would 
occur in a recession of 7 or 8mm. Secondly, it ruins the function of about 
15 mm. of muscular tissue, giving (when the operation is performed to the 
maximum) ultimately, medial recti with little more than 25 mm. of muscle in 
place of the previous 40 mm.., the rest becoming, no doubt, inert tendon, That 
is to say, the myotomized muscle can be reduced to two-thirds, approx- 
imately, of its former dimensions as regards contractile tissue. 

Assuming a medial rectus one-and-a-half times stronger than it should be, 
the operation of recession-lengthening could just about restore it to a normal 
state, in terms“Of quantity of muscle tissue. The recession and lengthening 
would offset a weakness of the lateral rectus (if present). 

The classical lengthening operation is capable of giving a somewhat 
similar immediate effect, provided the marginal myotomies are bold enough, 
and are at least three in number. Two large transverse buttonholes and 
three pairs of marginal myotomies can also give a similarly large correction. 
The drawbacks are that the late results are not very predictable, probably 
because the proximity of the sclera to the wounded areas of the rectus muscle 
encourages the formation of scar-tissue in the myotomy-gaps, with gradual 
shortening and loss of the operative correction; also, the performance of 
numerous partial myotomies or button-holing can prove quite time-con- 
suming, particularly if bleeding is not kept satisfactorily under contr ol. 

The recession-lengthening causes the myotomy-gaps to fall behind the 
scleral equator, completely out of contact with the globe. This may explain 
why subsequent shrinking rarely occurs in the lengthened muscles after this 
operation, with consequent lasting correction. 

An operation designed to weaken over-strong, or relatively over-strong 
muscles, without any recession, has been described by Chavasse (1934). 
By the application of diathermy-current to the muscle a coagulation is 
induced which results in loss of muscle-tissue. Since this operation does 
not lend itself to the treatment of contractures, which often accompany 
muscular over-development, I have not attempted to employ it. With 
experience of its use, no doubt good results might be obtained in certain cases. 

If, on the one hand, lasting correction is obtained by recession-lengthening 
as my cases appear to indicate, it remains to be seen whether, on the other 
hand, an actual over-correction tends to develop in adolescence. One is 
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only too familiar with the late divergence which sometimes spoils the initially 
good results of the more orthodox operations in cases where binocular vision 
is lacking. My cases, so far, tend to suggest that late divergence will not be 
common after the recession-lengthening operation. Late divergence seems 
to occur especially after-external advancements performed on cases of squint 
with markedly variable angle, and such cases seem to be better treated 
by the new operation, doing little or nothing to the lateral recti. 

With regard to clinical indications for the operation, the commonest will 
be found to be (c). It is surprising how many quite pronounced convergent 
squints do actually have a small minimum angle, often zero. It may not 
at first be obvious that such is so in any particular case. More than one 
attendance may be required in order to establish the true maximum and 
minimum when the angle is variable. It is as well to ask the parent if the 
squint ever disappears completely. It is seldom possible to obtain the 
desired information from the orthoptist’s report, though this does, of course, 
help considerably. It is useful to have the child look out of a window at a 
distant tree or ocher object when seeking the minimum angle. In very young 
patients one can spend much time in estimating the range of squint, but 
there can be no justification for trying the recession-lengthening operation 
upon cases which have not been properly watched and stUdied. It is a 
drastic operation which will give bad results if applied unsuitably or injudi- 
ciously; but when carefully performed upon well-chosen cases the results are 
often extremely gratifying, the eyes keeping quite straight at all times. 

Consider a severe squint of variable degree, say 10 to 45°. Such a case 
can be nicely corrected by this operation, so that the eyes remain straight at 
all times. A bilateral medial rectus recession would barely half correct it; 
add a lateral rectus resection to one or both eyes and a better result will be 
obtained, but the eyes will not keep constantly straight; the result of this 
orthodox treatment will probably, at best, give a variable final angle of 
+10° to —10°, with an average of zero, and later a marked divergence may 
follow. If fusion can be developed or strengthened, the case may be cured 
and remain so, otherwise the result of surgery will be inferior to the results 
obtainable by the operation of recession-lengthening, in which a constant 
zero can be hoped for, even in the absence of binocular vision. As regards 
late divergence, time is yet required to settle this point, for the latter operation. 


SUMMARY 

An operation is described for the correction of convergent squint in 
which the outstanding features are over-action and, often, contracture of the 
medial recti. The medial recti are recessed, lengthened, and weakened. 

Indications for the operation are given, chief of which are congenital 
convergent squint and spasmodic or variable convergence of some severity. 

An early appraisal of the results is attempted, these being considered to be 
very Satisfactory within a 4-year period of observation. 
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THE CINCH OPERATION* 


BY 
R. O'CONNOR 
Oakland, California 


THE object of this paper is to bring the technique and applications of the 
cinch operation up to date, because descriptions in all the text-books (except 
Chavasse, 1939) are so incorrect as to discourage any interest init. Because 
of its positive nature the cinch cannot be used as a substitute for shortening 
operations dependent on sutures, and hence the user should not think in 
terms of such methods. 
This operation was first reported 43 years ago (O’Connor, 1912), and a 
second paper reported my first 42 operations (O’Connor, 1916). 
The advantages of this method are these: 
(1) It enables the widest possible range of loop-shortenings to be carried out. 
(2) No sutures are used. 
(3) The tendon is not cut. 
(4) The shortening is straightferward. 
(5) Post-operative loss cannot occur at the point of shortening. 
(6) Binocular occlusion is not required. 
(7) In many cases monocular occlusion is unnecessary especially with the vertical 


muscles. 
(8) Post-operative movement is encouraged to prevent scleral adhesions. 


(9) Confinement to bed, house, or hospital is unnecessary. 


Application 

(1) As a tendon shortening whenever such an effect is indicated. Chavasse 
(1939, p. 557) states: 

The operator has a sense of security and confidence greater than that afforded by 
any other method of shortening. 

(2) As a non-slipping anchorage whenever a tendon suture is needed as in ad- 
vancements and transplantations (Fig. 1), and as a guard in complete tenotomy 
(Fig. 2). 

When it is to be used as a suture, a single-over loop is placed just behind the 
insertion of the tendon which is then shaved from the sclera. The loop cannot 
pull out through the dense area of the insertion. This method is also useful 
with tendons separated in retinal detachment operations. 


Operative Technique 
(1) The incision is made just in front of the insertion and parallel to it. 
(2) The conjunctiva is undermined in all directions. 
(3) A nick is made at one tendon margin exposing the sclera. 


(4) The right-angled hook is slid under the tendon just behind the insertion 
and another nick is made at the other margin. 


*Received for publication December 13, 1954. 
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Fic. 1.—Cinch of one half of tendon in certain Fic. 2.—Guard suture in complete tenotomy. 
i : a, a are tags of insertion. A single-over cinch of 
transplantations tendon uses two strands of No. 1 silk. The respec- 
tive ends are brought through corresponding tags and 
conjunctiva, and are tied over a piece of catgut laid 

parallel to the insertion. 


(5) Both margins are completely cleared back to the muscle tissue. 


(6) The tendon is fully exposed by removing all over-lying subconjunctival 
tissues—preferably as a flap. 


(7).The tendon is split with a small sharp hook into a number of strips, the 
number depending on the make-up of the tendon and the effect desired. A frail 
tendon calls for fewer strips, for it is essential that each should contain enough 
tissue to give the shortening desired. The point of the sharp hook enters im- 
mediately behind the other and is carried backward to avoid a painful pull at the 
origin of the muscle. The split should not extend forward through the insertion 
to the sclera because the roll of shortening must lie as far back as possible. /f 
the roll is placed just behind the insertion it may adhere to the sclera and cause a 
recession equal to the diameter of the roll, so lessening the final effect. 


(8) The nylon shorteners, in a specially prepared carrier, must be passed exactly 
as shown in Fig. 3. This should be practised on a string model before the 
operation is undertaken. The carrier must be passed over each strip of tendon so 
that when finished, the roll of shortened tendon will be on its upper surface. If the 
carrier is passed under each strip the. roll will be on the under surface and may 
cause harm by pressure on the sclera. The direction must be reversed on each 
succeeding tendon strip in order to keep them at right angles to the tendon 
(see Fig. 3c). 


(9) Using a special forceps, such as Hosford’s, to encircle the nylon at one tendon 
margin, the loops are transferred by gentle traction against its counter-pressure. 
Very often the spring in the nylon does this to “— strip on the way across the 
tendon. 





THE CINCH OPERATION 
(c) 


Fic. 3.—(a) Single-over. Fic. 4.—Appearance after transfer of 
(6) Double-over. ‘ loops. 
(c) Result if direction of loops is not reversed. 


(10) The loops are slid into close contact and the nylons are arranged parallel 
to each other (Figs 4, 5, 6). 

(11) Any loose tissue that may be drawn into the roll should be separated fully, 
leaving the surface and margins of the tendon clean. This is a very important 
point in the technique. 


(12) In dealing with the horizontal muscles, the lower ends of the nylons are 
cut about 4 mm. from the tendon margin to be buried by the conjunctival suture. 
The upper ends are cut long enough to lie deep in the upper fornix reaching almost 
to the opposite canthus. Many years ago I could have made a success of silk- 
worm gut had I thought of this trick which I learned from Hosford. In dealing 
with the vertical recti the inner ends are buried. 


(13) The conjunctiva is sutured by a continuous suture using 5-0 plain cat-gut. 


(14) On or about the 21st day the 
nylons are removed one by one against 
the counter pressure of a small hook at 
the tendon margin. 

Nylon is somewhat harder to place 
than dermal suture material; but, 
because of its stiffness and unchanging 
make-up, it gives much better results. 


Fic. 5.—Cinch of central portion: 


(i) as in Motais transplantation; 
(ii) increasing effect of a central tenotomy. Fic. 6.—Same stage as Fig. 5. 
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Kinds of Loops 

(1) Single-over (Fig. 3a), usually with many strands of 2-0 nylon, is used: 

(a) in low phorias, especially the vertical, where an over-effect must be avoided 
and the result accurately graduated*. 
(6) in pure convergence insufficiency*. 

In both cases I use as many nylons as I think will give an immediate over-effect, 
and this is tested at once. This immediate over-effect is reduced at once by re- 
moving the nylons one at a time with Maddox tests between till the over-effect is 
reduced to 4“. Both eyes are left open and positive instructions given to use 
them “ as usual”’; the vertical cases are especially told to practise vertical rotations. 
If these instructions are carried out, the over-effect is usually gone by the next day 
—if not, one or more additional strands of nylon can be removed as needed. If 
these instructions are not given, or acted upon, the patient is apt to close both ; 
eyes, in which event they roll up and adhesions form between the cinch roll and 
the over-lying tissues to hold the eye much higher than the immediate effect. This 
happened in one of my early vertical cinches and called for a second operation 
to separate the adhesions. Care must be taken not to shorten a superior rectus 
so much that use of the eyes in the reading position is interfered with. For this 
reason it is unfortunate that, in most vertical deviations, it is the superior rectus 
that needs shortening. 

(2) Double-over (Figs 7, 8, 9).—I usually use this in squints and high phorias. 
Four strands of 2-0 nylon and two strands of 1-0 nylon give approximately 
6 mm. of shortening, which, in my opinion, is all that should be taken out of a 
total muscle length of 41 mm. This is especially so when there will be no loss 
from slipping of the stitches since stitches are not used in this operation. 
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a oe. ee. 








Fic. 7.—Double hitch to marginal strips. 
(a) (6) 





eas Fic. 9.—Double hitch to one margin showing 

‘ : tendency to correct a cyclophoria. By cutting 
Fic. 8.—Double hitch after transfer. (a-b) the other tendon margin the effect of Steven's 
shows amount of shortening. extendo-contraction is 


“Most patients are old enough to be operated on under local anaesthesia. 
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(3) Double-hitch to each.margin (Figs 8 and 9).—The central section can be 
advanced, resected, tucked, or treated according to the La Gleyze scheme, and 
all sutures used should be free from tension. I have had perfect results simply by 
placing the central section forward on bared sclera with no sutures whatever. 
This proves the perfect support afforded by the marginal shortenings (O’Connor, 
1916). 

Amount of Shortening.—This depends on: 

(1) Size and Number of Nylons 

(2) Use of Single- or Double-over Loop 

(3) Width of Tendon Strip—tin operating on low phorias and insufficient con- 
vergence, where accurate gradation of effect is essential, many narrow tendon 
strips and many strands of 2-0 nylon, with the single-over loop, are used. 

TABLE 
RESULTS WITH 3-0 CATGUT 








No. of Strands | Nylon Loop Shortening 
8 2-0 single-over 4 
1 2-0 double-over 4 
2 2-0 double-over 5 
4 2-0 double-over 6 
2 1-0 double-over 6 











The Table shows that a great part of the 
shortening is comprised in the loops themselves, 
and that the nylons serve in great part to prevent 
reversal of the loops. Scobee (1952) states 
however that the amount of shortening is 
proportionate to the number of strands used. In 
fact it is not even proportionate to the diameter 
of the bundle (Fig. 10). 

Very often less shortening has more effect 
because rotation occurs instead of retraction. 

A permanent over-effect is very rare unless 


0°5 mm. drill 


8 mm. shortening 


the opponent has been recessed or completely ee 
severed, neither of which is correct with such 
a positive shortening (see opening paragraph). 
Many years ago I learned that it is not 
necessary to increase the shortening in pro- 
| mm. drill 


portion to the angular deviation. So I stopped 
bothering with such measurements. The right 
operation on the muscle at fault at the right 
time is the first requirement, and it should be 
done before the occurrence of secondary changes 
that may entail theoretically incorrect opera- 
tions. No one bothers about the angular deviation 
when _ lenses alone cause it to disappear. 
Operative work as’ above noted has the same : : 

result. These ideal results cannot be secured pM GP rgrtrce Ph po 
by operating on muscles that are not at fault, _portionate to diameter of material. 


10 mm. shortening 




















Fic. 11.—Appearance 2 days after operation, showing lack of reaction. 
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as for example by. cutting an inferior oblique that is overacting because of 
underaction of the opposite superior rectus. The following examples prove 
this point: 
(a) Ina case of esotropia with underaction of the superior rectus of the fixing eye, 
a cinch of this muscle as the only operation permanently cured the esotropia 
(O’Connor, 1923). 


(b) A case of exotropia had a vertical deviation of 23 due to an underacting 
superior rectus, which, when cinched, gave permanent orthophoria in both directions. 


These double deviations are even more frequent in the lower degrees of disalign- 
ment; they show the importance of operating on the muscles at fault and not by 
“rule of thumb”’. 


In all cases possessing binocular vision, and in those in which it is hoped to 
develop it, normal action of the opponents must be preserved in order to achieve 
normal convergence and parallelism in all directions of gaze. 


Reactions 


All the text-books, excepting Chavasse (1939), state that reactions are 
severe and convalescence prolonged. The possible causes of reaction in 
order of frequency are these: 


(1) Rough surgery.—When an operator takes from 1 to 3 hours to do an operation 
as simple as the cinch he must have made a mess of it. 


(2) Too much shortening material_—This means the presence of too much foreign 
substance. 


(3) Orbital anaesthesia of the muscle.—I never use it. 


(4) Allergy.—I have experienced allergic reactions to mercurial compounds, 
antibiotic ointments, and even to the nylon itself. 


(5) Irritating conjunctival irrigations.—I never use them. 

















(a) (6) () 








(a) Cinch of right superior rectus. Fic. 12.—Cinch of exteru 
(b) Cinch of left external rectus. rectus 24 hrs after operatios, 


(c) Cinch of left inferior rectus. showing lack of reaction. 
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(6) Stitch Infection.—This is quite rare te does occur. The following preven- 
tive precautions are routine: 

(a) No operation during or for at least 2 weeks after complete recovery from a 
respiratory infection. Even this is not 100 per cent. safe because operation may be 
done during an incubation period which is probably the most infectious. 

(6) Aureomycin in the eye to be operated four times a day starting 4 days before 
the operation. If the patient turns out to be allergic to this antibiotic some other 
should be used. 

(c) Operation performed through an opening in a rubber dam mounted on the 
speculm blades. This protects the nylons from lids and lashes, 

(d) No irrigations of any kind, in order not to destroy the lyzozyme in the tears. 

(e) Nylons sterilized in the autoclave and kept in hot water till used. 

(f) Nylons are anointed with full strength aureomycin ointment just before using. 


Discussion 
It should be emphasized that, in the phorias, the operation should be done 
to relieve symptoms, not: merely to change measurements; many show 
deviation but no symptoms. A proper study of the case should settle the 
matter, and the patient is entitled to know that a safe operation on the 
muscle at fault will give relief from his troubles. An ophthalmologist who 
has not interested himself in the surgery of muscles should not conceal the 
possibility of such treatment from the patient, but I have known some such 
who have even gone a step further and warned their patients against “‘ muscle 
operators ”’. 
Chavasse (1939) wrote in support of the cinch operation as follows: 
(p. 557), the standard of constancy of technique attainable is higher than with any 
other method of shortening. . . 


(p. 614), the rather slight advantages attending a successful resection are so over- 
shadowed by the more solid merits of cinching that resection will seldom be used by 
the operator who has had extended experience of both. . . 

(p. 616), a tucking, if successful*, can be made to give a slightly greater effect than 
that obtainable by the more dependable operation of cinching. 


Barkan praised the cinch method as follows: 


I never had an operation that I knew would give definite results and would lack 
the element of worry until I had done the O’Connor operation (Barkan, 1931). . . 
It is an error not to use the cinch when a shortening effect is desired (Barkan, 1936). 


McCool (1931) also commended its use: 

The O’Connor operation comes nearer the ideal in muscle shortening than any 
with which I am familiar. 

More recently Sharpsteen (1950) expressed the view that this procedure is 
accurate and safe and entails a minimum of post-operative disability, the only 
difficulty having now been eliminated by the introduction of nylon shorteners. 
He enumerated the following advantages of the cinch operation: 

(1) The tendon is not cut. 
(2) No sutures are required except in the conjunctiva. 


*Note the use of the phrase—“ if successful ”’. 
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(3) The shortening is entirely within the tendon. 

(4) No change in the shortening can possibly occur until the shorteners are 
removed or unless they are removed before the two weeks are up; the loops 
have beceme so fibrosed that no slipping can possibly take place. 

(5) Bandaging the eyes following surgery is not neccessary. 

(6) Even monocular bandaging is unnecessary and many times undesirable. 

(7) There is little or no disability except that attendant upon the anaesthetic. In 
other words, children can go home the same day from the hospital, and adults, 
done under local anaesthesia, may go home immediately following the operation. 

(8) Because of the position of the cinch, no adhesions form to the sclera back 
of the insertion. 

(9) Finally a maximum shortening equal to the length of the tendon can easily 
be attained 


Summary 


The advantages of the cinch’ operation and indications for its use in the 
correction of strabismus are described, 
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AMINO ACID ELEMENTS OF NORMAL HUMAN 
AQUEOUS FLUID PROTEIN* 
BY 
WOLFRAM KEUP AND RAINER STEIGER 


From the University Eye Clinic, Ziirich (Director: Prof. Dr. Marc Amsler) 


EARLY analyses of the proteins of the normal aqueous humour by France- 
schetti and Wieland (1928), and later by Kronfeld (1941) and Kronfeld 
and others (1941), have shown a content of 10 to 20 mg. per cent. Any 
functional significance this pretein may have is unknown. However, the 
human Jens contains 30-40 per cent. protein, the fractions of which have been 
determined by several authors (Cagianut and others, 1953 ; Stemmermann, 
1952). The lens protein is built up by the capsular epithelium, which, 
because of its avascularity, must draw the constituent elements of protein 
synthesis from the aqueous alone. Neither the free nor the protein-bound 
amino acids of the aqueous humour have hitherto been determined by 
reliable methods. The reasons for this are, first, that the aqueous contains 
extremely small amounts of protein and free amino acids, and, second, that 
there is a very large concentration of inorganic ions in proportion to that 
of the amino acids. 


In this communication, the composition of the amino acids present in 
norma) human aqueous fluid protein is reported. 


Method 

Anterior chamber punctures were performed on normal human eyes, most of 
which were amblyopic, and the aqueous humour was collected over a period of 
time and stored in the deep-freeze. The protein of this fluid was precipitated 
with absolute alcoho) (total concentration 80 per cent.). The precipitate was 
centrifuged out and dried. The total yield was {0 mg. dried material. This was 
totally hydrolysed with SN hydrochloric acid by reflux condensation for 24 hrs. 

In the hydrolysate, fifteen amino acids were quantitatively determined by the 
chromatography method of Pernis and Wunderly (1953) modified by Gerok 
(1955). The procedure is as follows: 

A quantity of hydrolysate corresponding to a total of 150 gamma of amino acids is 
placed on the starting point of a two-dimensional chromatogram, and developed in the 
first run with Partridge mixture (Butanoi-giacial acetic acid-water). It is then dried, 
developed on the second run with m-Cresol-phenol-borate buffer, and dried once again. 
This two-dimensional developed chromatogram is sprayed with Moore-Stein reagent; 
when it, is warmed, violet spots appear indicating the reaction of the amino acids with 
ninhydrin (Figure). The spots are cut out, fragmented, extracted, and quantitatively 
coloured with further Moore-Stein reagent in a simmering water-bath, The extraction 
solution is quantitatively measured colorimetrically in a Beckman spectrophotometer 
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at 570 my, the proline similarly at 440 mp, The computation, after subtraction of the 


blanks of reagent and amino-acid-free paper, yields absolute values for the amino acids. 
The method is calibrated with known amounts of all the examined amino acids. The 


values are computed as percentages of the whole amino acids. 
Since the experimental error of the procedure is greater than originally supposed by 


previous workers, the determinations were carried out eight times ; amino acids with 
high and low Rf-values were measured four times, while those with middle Rf-values 


were measured eight times (see Table, opposite). 


Findings 


As would be expected, the qualitative analysis of the protein hydrolysates 
indicated the presence of all the determined amino acids (Figure). 





FiGurRE.—Two-dimensional chromatogram, showing constituent amino acids of 
aqueous proteins. 


The quantitative relationships of the amino acids are shown in the Table 
(Col. 2). They may be compared with the serum protein amino acid analysis 
of Pernis (1953), in which a similar method was used. 

The values shown in Col. 1, representing the total protein in normal 
aqueous, were computed as follows: 


The quantities of electrophoretic fractions in normal aqueous humour were 
listed by Esser and others (1954): 


Pre-albumin 0-6 per cent. 
Albumin 64-9 per cent. 
a,-globulin 4-8 per cent. 
«,-globulin 7-1 per cent. 
B-globulin 18-5 per cent. 
y-globulin 4-1 per cent. 
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These values are multiplied by the individual amino-acid percentage of whole 
amino acids, as determined by Pernis (1953), for each fraction of serum proteins. 
The values so obtained correspond to whole serum protein with the electrophoretic 
composition of normal aqueous, and are comparable with it. 


TABLE 


AMINO-ACID COMPOSITION OF TOTAL AQUEOUS FLUID PROTEIN COMPARED 
WITH CALCULATED SERUM-PROTEIN AND LENS-PROTEIN 




















(1) (2) | | 
: : Percentage Percentage Percentage Fraction 
Amino Acids Fraction com- Fraction of of Lens Protein 
puted as Total | Total Aqueous 
Serum Protein Protein | Nucleus | Cortex 
Alanine i: ee iM 7:29 7-96* 3-5 3-2 
Arginine “e bs 7s 6°14 6-70* 10-3 10-0 
Aspartic acid .. = ay 10-00. 9-25 9-7 11:0 
Cystine « a 4:94 4-00 3-3 3-1 
Glutamic ‘acid . be ie 16°86 22:73 16°4 15-5 
Glycine . hae 1-84 2-42* 4:1 4:4 
Leucine + Isoleucine . . 3 12°17 13-13 11-3 11-9 
he a oy ap 10-10 6°55* 3-7 71:4 
Phenyaain $4 re “e 5-53 4-04 5-9 5-9 
“o Ne as 5-37 4°32 5-2 3-8 
ae Sg Se ay Bs 4-06 4:66 5-1 5-3 
Threonine ae me bs 3-64 4:25* 3-1 2-6 
Tyrosine a 6 he 5-26 4-48* 6:0 5:7 
Valine .. eK 6 i 6°80 5°51 6:2 57 
Total Amino Acids .. 100-00 100-00 














*Indicates average derived from eight determinations, other results are obtained from four determinations. 


If it be assumed that the serum proteins reach the aqueous exclusively by 
diffusion, the computed anticipated composition should correspond to the 
experimentally determined composition within the limits of the experimental 
error of the method, but certain disparities are seen between Cols 1 and 
2 (Table), particularly in the values for glutamic acid and lysine. 

If it be assumed that the lens protein is derived from the aqueous protein 
by a process of rebuilding, no large disparity in its “‘ components ” should 
be expected, but a comparison between Cols 2 and 3 (Table) also shows 
certain considerable disparities both in glutamic acid and lysine, and in 
arginine and alanine. It should be mentioned that a conversion to individual 
electrophoretic fractions was not possible in this case. 

Discussion 

Stemmermann (1952) obtained electrophoretic diagrams, by a paper- 
electrophoretic method, of the soluble lens proteins as recognized from the 
soluble tissue-proteins of other organs (Demling and others, 1954). The 
relationship with the serum proteins estimated by Stemmermann has come 
under question, since Keup (1955), using the Tiselius electrophoresis, has 
shown that, for the soluble tissue proteins of the brain, the mobilities of 
the tissue proteins are much higher than those of the serum proteins. The 
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mobilities cannot be exactly determined by paper electrophoresis; as 
previously expected on theoretical grounds, one is dealing with tissue pro- 
teins, the properties of which almost certainly differ from those of the serum 
proteins. 

The origin of lens protein is still as uncertain as that of other tissue pro- 
teins. Whether the serum protein is used in the synthesis of these proteins, 
as Whipple (1948) assumed, or the free amino acids of the serum, as Dent 
(1950) conjectures, has not been ascertained. Because of the absence of a 
vascular supply, however, the only sources for the synthesis of lens proteins, 
considered as organ-proteins, are the proteins or free amino acids present in 
the aqueous. 

Cagianut and others (1953) have recently reported on the amino acid 
composition of the protein of a normal human lens. Their values may be 
compared with our findings set out in the Table. The interpretation of our 
findings and of the differences found in the amino acid composition remains 
unsolved. The determination of the quantitative relationships of the free 
amino acids in normal human aqueous will bring the problem a step further 
towards solution. 


Summary 


The amino acid elements of the proteins of normal human aqueous have . 
been qualitatively and quantitatively determined, and the values compared 
with those of the serum and lens protein. 


We wish to thank Dr. H. R. Bohringer, Chief Resident Surgeon of this Clinic, for his kind 
clinical advice. 
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CASE NOTES 


MELANOMA OF IRIS TREATED BY RADIATION 
THERAPY* ; 


BY 


J. P. F. LLOYD anp FRANK ELLIS 
Oxford 


A married woman, agéd 76, was first seen in October, 1952, when she showed a 
melanoma of the iris in the left eye (Fig. 1). She had been examined at the Oxford 
Eye Hospital in February, 1949, when this condition was definitely not present, 
and she herself was quite positive that it had only appeared during the previous 
few weeks. On examination with the gonioscope the tumour was seen to run well 
back into the chamber angle and in view of this was judged unsuitable for flap 
iridectomy or similar operation. Enucleation was advised and staunchly declined. 
The opinion of Dr. Frank Ellis 
was therefore sought in regard to 
possible radiation therapy. In con- 
sultation with him a technique was 
envisaged by which radioactive tanta- 
lum wire might be inserted into the 
globe in the region of the tumour. 


Operation—This was performed on 
November 18, 1952 (Figs 2 and 3, over- 
leaf). Hollow needles were passed across 
the anterior and posterior chambers in 
the region of the tumour. The first 

Fic. 1.—Melanoma of iris at diagnosis. needle to be inserted was that passing 
behind the iris and in front of the lens. 

This rather difficult procedure was accomplished with only the minor mishap of the point 
of the needle catching for a few moments on the back of the iris and causing a small 
dialysis. When freed, it passed through the opposite edge of the sclera quite easily and 
lay there. During this proceeding the aqueous humour had been lost and the eye had 
become soft. It was therefore necessary to make puncture and counter-puncture with 
a Graefe knife to enable the insertion of the second needle across the anterior chamber. 
The appropriate amount of radioactive tantalum wire was then slipped along into each 
needle with inert “‘ stoppers ” at each end to hold it in position. The projecting ends of 
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Fic. 2 (a).—Position of nzedles in relation to tumour. 
b).—Construction of hollow-bore needle with tantalum wire. 


Needle with 
Radio-active tantalum wire 








Needle with 
Radio-active tantalum wire 


Fic. 3.—Section showing position of needles in relation to tumour. 


the two needles were, after some hesitation, sunk into counter-punctures in the upper and 
lower lids so that the lids lay snugly against the globe. The globe was then fixed in re- 
lation to the lids by means of two sutures passing through the lid-edges and limbus in 
each case. Surprisingly enough, these needles were retained for the necessary 30 hours 
or so without any undue pain or discomfort. They were then removed in the operating 
theatre. The approximate radiation dose to the tumour was maximum 6,720 r, minimum 
4,000 r. 
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Progress.—The tumour has remained exactly the same in appearance ever since, and 
the eye has settled down quite rapidly after this rather formidable surgical procedure. 
Fig. 4 shows the condition 16 days after operation. 

One year later it became necessary to consider the visual needs of the patient. The 
left was her better eye, vision in the 
right eye being reduced to 6/60 only, 
owing to lens changes and macular 
disorder. At this time, the left eye 
was not correctable beyond 6/36 owing 
to lens changes, and it was noticeable 
that these had not appreciably in- 
creased since the radiotherapy, and 
that the correctability had remained 
the same throughout. After consulta- 
tion with my colleagues, I decided to 
do a straight-forward intracapsular 
cataract extraction and not to make Fic. 4.—Eye 16 days after operation. 
any attempt to remove the tumour. 

This was performed in November, 1953. The eye settled down uneventfully and after a 
few weeks a correction was provided which produced a central vision of 6/18. The 
macula, now visible after removal of the lens, showed some pigmentary atrophy. 

The eye has remained exactly the same to the present day. 


Dr. Ellis assures me that this is the normal behaviour for a melanoma 
after adequate radiotherapy and that these tumours do not normally dis- 
appear after such therapy but become quiescent as in this case. 










































CORRESPONDENCE 


CONTRAST MEDIA IN ORBITAL RADIOGRAPHY 


To the Editorial Committee of the BriTIsH JOURNAL OF OPHTHALMOLOGY, 


Sirs—The paper presented by Cowie and Groves (1955) is a most interesting con- 
tribution. 


Having been impressed with the serious dangers of Diodrast (the American form of 
Diodone), I wish to discuss the reasons why the potential complications from its injection 
behind the eye outweigh its value as a diagnostic aid. Venospasm and thrombosis, as 
well as sclerosing lipogranuloma have been reported with the use of Diodrast. Fatalities 
of an anaphylactic nature have been seen. Subcutaneous injection sometimes results in a 
tissue slough. 


Dr. José Bonmatie and I performed animal experiments with 35 per cent. Diodrast 
(soon to be reported in the Journal of Roentgenology, Radium Therapy, and Nuclear 
Medicine). Although much of the dye was absorbed one hour after an orbital injection. 
a trace was still evident at the end of 3 hours. In rabbits, retrobulbar injection of only 
two ml. 35 per cent. Diodrast produced marked oedema and cellulitis of the orbit with an 
associated exposure keratitis. The most striking complication was actual necrosis of the 
sclera in many rabbits receiving only 1 ml. Some others given 2 ml. of the dye revealed 
extensive necrosis of the sclera, and actual rupture through into the eye. 


Cadaver injections demonstrated a leak through of the dye from the orbit into the 
middle cranial fossa. 


Sometimes the opaque medium did not spread evenly through the tissue compartments 
of the living orbit; consequently, false tumour shadows appeared. Indeed, one patient 
with unilateral exophthalmos was given an injection of 35 per cent. Diodrast with 
hyaluronidase, and there appeared a rounded area devoid of dye which seemed to represent 
a definite tumour. At operation, the orbit was extensively explored, but no mass was 
found. 


One of the most frightening complications which I have seen from the injection of 50 
TRU hyaluronidase and 5 ml. 35 per cent. Diodrast into the central surgical space was 
spasm of the central retinal artery. A few minutes after the injection, the vision had fallen 
from 20/20 to ho perception of light. The retinal arteries were extremely narrow and 
there was obvious segmentation of blood in the veins. The vision gradually returned 
to 20/20 within the following 24 hours, and the fundus picture was then normal. No 
further orbital injections of Diodrast have been performed since this last complication 
was encountered. 





Respectfully yours, 


THOMAS MANCHESTER 
478, PEACHTREE STREET, N.E., 
ATLANTA 3, GA. 
June 20, 1955. 
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To the Editorial Committee of the British JOURNAL OF OPHTHALMOLOGY, 

Dear Sirs—We were very interested to read Dr. Manchester’s informed comments, 
and are grateful for the opportunity to reply. 

We feel that the stress on the toxity of Diodone has been exaggerated since: 

(1) subcutaneous injection of up to 35 per cent. Diodone is a standard technique in 
paediatric pyelography and in Leeds we have met with no complications. 

(2) Extravascular injection of 42-5 per cent. Diodone occasionally oc¢urs in arterio- 
graphy without clinical sequelae and in cases which for other reasons have come to 
autopsy tissue damage has been slight. 

(3) Anaphylactic dangers, although rare, have been acknowledged and their prophy- 
laxis discussed in our paper. 

Lipogranuloma is outside our experience and reading except where oily media are 
involved. 

We have no experience of animal experiments in orbital radiography and are.very 
interested in Dr. Manchester’s findings. It may be that the untoward effects produced 
are the results of the higher concentration and relatively larger quantities used. A 
rough calculation of proportional quantities gives 1 ml. in the rabbit to 8 ml. in the human. 
We feel that similar complications might be expected in man if between 8 and 16 ml. of 
fluid were to be injected retrobulbarly. 

We consider that great care is necessary in the application of animal experiment to 
human experience. For instance, the development of aortography was undoubtedly 
delayed by the adverse findings of early investigators using the dog. 

Leakage into the middle cranial fossa could be accounted for by the excessive quantities 
injected and even if this should occur in clinical usage we feel that a 17 per cent. solution 
would be unlikely to cause trouble. 

We are interested in the mention of false positive findings but feel we cannot comment 
without further information regarding the technique of injection and criteria of normality. 
With the technique we have described, this difficulty has not arisen in experimental work 
or in our limited clinical experience. 

Our avoidance of the frightening complication of retinal artery spasm may be due to 
good fortune or perhaps to the use of smaller quantities and a concentration one half 
that employed by Dr. Manchester. 

Yours faithfully, 


J. W. CowleE 
J. S. GROVES 


DEPARTMENT OF DIAGNOSTIC RADIOGRAPHY, 
GENERAL INFIRMARY, 

LEEDS. 

July 1, 1955. 





BOOK REVIEW 


Embryology of the Human Eye. By A.N. BARBER. 1955. Pp. 236, 193 figs. Kimpton, ~ 
London. (65s.). 
This is a short and concise monograph on the embryological development of the eyes 
and some of the more common developmental abnormalities. The embryology is 
described clearly and simply at the level required for the senior student, and the text is 
richly illustrated by abundant microphotographs, all of which are good and some excellent. 
Only the more common congenital anomalies are noted and these are discussed merely 
with reference to their embryological and morphological characteristics, degenerative and 
inflammatory conditions being omitted—quite a proper limitation in a book of this type 
and scope which does not pretend to be a reference work on abnormalities of development. 
The senior student of ophthalmology will find it interesting. a 


NOTES 


UNIVERSITY OF PENNSYLVANIA 


The Dean of the Graduate School of Medicine of the University of Pennsylvania 
announces the appointment of Dr. Edmund B. Spaeth, Professor of Ophthalmology and 


Chairman of the Department of Ophthalmology, as Professor Emeritus of Ophthalmology. 


‘The Dean also announces the appointment of Dr. Irving H. Leopold as Professor of 
Ophthalmology and Chairman of the Department of Ophthalmology of the Graduate 


School as Dr. Spaeth’s successor. 


OxForRD OPHTHALMOLOGICAL CONGRESS 


Officers, 1955 


Mr. J. W. Tupor Tuomas has been elected Master in succession to Mr. F. W. Law. 
Mr, O, M, Duthie has been elected Deputy-Master in succession to Mr. S. H. Browning. 


Mr. F. W. LAw has been made Knight of the Order of St. John of Jerusalem, 


MR, J, W. TUDOR THOMAS and MR, J, H, DoGGART were guests of honour at the Section | 
of Ophthalmology of the American Medical Association Congress held in Atlantic City 
in June, 1955, ; 
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COMMUNICATIONS 


MEASUREMENTS OF VISUAL ACUYTy* 


BY 


C..A. P. FOXELL anp W. R. STEVENS 
From the Research Laboratories of the General Electric Company Ltd., Wembley, Middlx. 


(1) INTRODUCTION 


| THE ability to detect detail is so important an attribute of the eyes that 


| many measurements of visual acuity have been made. The most extensive 
' and most quoted work is that of Lythgoe (1932); but the range of lumin- 


ances which he could study was limited, and he concerned himself only with 


| the effect of one background size, namely the whole visua) field. 


_ In the investigations described in this paper, luminances of test object up 


to 10,000 ft. L. have been used and the effect of different sizes of background 
| has been explored. Some experiments on coloured test objects have also 


m made. 


(2) FACTORS AFFECTING VISUAL ACUITY 
The visual acuity is a measure of the eye’s ability to discriminate detail. 
is expressed as the reciprocal of the angular subtense, in minutes of arc, 


| of the separation that can just be detected between two objects. The 


bility to detect detail depends on the nature of the object and on the 
eye; the visual acuity depends also on the criterion for successful detection 


“that is used. Of these three factors the nature of the detail (including the 


method of presentation), as well as the criterion for detection can be com- 


pletely determined by the experimenter. The eye, however, forms part of 
a complex nervous system and the subjective image is affected by many 


physical and mental factors. Some of these are understood and may be 


kept constant during an experiment; but the majority are fluctuating 


"continuously and large variations in visual acuity occur in any observer. 


Hence, any measured visual acuity is only true for the instant of measurement 
and consequently many observations must be made to obtain a useful 
average result. 

The effect upon visual acuity of the nature of the test object, criterion of 
detection, and eye receptor mechanism are briefly discussed below, since a 
consideration of these effects determines the conditions of the tests and 
experimental technique. This. discussion is by no means complete and 
shows only a few results of other workers in relation to the present series 


' of tests. 


Test Object.—This usually consists of some fine detail which has to be discovered 
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with respect to an easily seen reference object. Many test objects have been 
devised, the most common being the Landolt broken circle, parallel bar gratings, 
and the Snellen test chart. In the first series of experiments a dark Landolt 
broken circle on a light background was employed, and in the experiments with 
colour contrast a coloured test object and surround were used. The advantage of 
this type of test object is that it provides a “‘ point” rather than a “line” object. The 
relative dimensions and shape of the broken circle are shown in Fig. 1. It could 
rotate about its centre so that the gap was 
presented at any of eight points of the 
compass and the subject had to detect the 
position of the gap. The detail to be 
detected was, therefore, given by the size 
of the gap: the reciprocal of the angular 
subtense of the gap gave the corresponding 
visual acuity. The. subtense of the gap 
in the broken circle at the observers’ eyes 
ranged between 1/3 and 2 min. of arc. 
Fic. 1.—Dimensions of Landolt brokencircle. | The broken circle was always presented 
on a small white field subtending 0-5° 
at the observer’s eye. This small field is referred to below as the “ central field’. 


Contrast of the Test Object—The majority of workers have used a relatively high 
contrast between the test object and its immediate background. This is convenient, 
as it seems that visual acuity does not vary rapidly with contrast between the test 
object and its immediate background provided this contrast is fairly large. This 
contention is indirectly supported by Smyth (1947) in his reports on the visibility 
of road traffic signs. Although the exact effect of contrast upon visual acuity 
has not been determined, Weston (1945) has investigated the relation between the 
“‘ visual performance ” of an observer and illumination for various contrasts. 

In order to eliminate effects due to contrast sensitivity and to secure results 
comparable with previous work a high contrast test object was used in the 
experiments described in this paper. The Appendix describes how the test object 
was made. 














Luminance Distribution in the Field of View.—The luminance pattern of the field 
of view can be considered to consist of two areas, the “ central field ’’ and the 
“surround”. An infinite variety of luminance patterns occurs in the surrounds 
encountered in normal life, but in a controlled experiment simple backgrounds 
are more convenient. Lythgoe considered three different luminance distributions: 
a total surround, a dark surround, and glare sources at one side of the direction 
of vision; he showed that the surround exerts a considerable influence upon the 
visual acuity of an observer. 

The purpose of the present series of tests was to investigate the effect of a 
symmetrical surround: first, the effect of the size of the surround when at the 
same luminance as the central field, and secondly the effect of the luminance of 
the surround for various luminances of the central field. 

When the test object is black, as in Lythgoe’s experiments and those described in 
Section 5 of this paper, the luminance of the central field is a major factor in 
determining whether or not the detail can be detected. This direct effect 
of luminance upon visual acuity has been investigated by Kénig (1897), 
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Lythgoe (1932), Shlaer (1937), and others. The experiments described in this 
paper extend this relationship to high luminances. 


Colour.—The effect of various coloured backgrounds to a neutral test object 
has been studied by Kénig (1903), Roaf (1930), and Shlaer, Smith, and Chase 
(1942), for example. In general there appears to be little difference between 
coloured and white backgrounds of equal luminance. 

A coloured test object viewed on a coloured background presents a colour 
contrast as well as a luminance contrast, and as so many visual tasks in practice 
involve coloured surfaces it is surprising that little is known about these conditions. 
Interesting difficulties arise when acuity tests are made in small areas of colour, 
as described below. 


Movement of Test Object.—This greatly affects the detection of its detail. A 
low velocity may improve the subject’s performance, but as the velocity is increased 
the detail is soon rendered indistinguishable. In the experiments described in this 
paper the test object was stationary while being observed. It was rotated at high 
speed between observations thus making the gap invisible. 


Criterion for Detection of Detail——The criterion for assuming that the observer 
can perceive the detail presented will considerably modify the visual acuity 
assigned to him. For example the standard of performance needed in most 
practical work is that the detail should be detected every time. However, as soon 
as the observer’s performance rises above that due to chance, he is in fact detecting 
the detail to some extent. The conditions required to attain 100 per cent. perfec- 
tion differ widely from those needed for a performance just a little better than that 
which may be achieved by chance. Lythgoe has shown that the performance 
curve obtained in this type of experiment helps to resolve the difficulty of the 
choice of criteria. A typical curve is given in Fig. 2, which shows how the 
performance of the observer, in 
trying to detect the detail of the 
test object, increases from chance 
toa maximum of 100 per cent. as 
the conditions of the test are eased. 
The curve is sigmoid, typical of this 
type of sensory test. The criterion 
of chance and 100 per cent. perfor- 
mance are difficult to determine as 
the curve is asymptotic to the 
horizontal at these points; also, 
many experimental observations are Fic. 2.—Typical performance curve. 
required to define these portions of 
the graph. The most easily obtained portion of the curve lies near the point 
of inflexion in the region of 50 per cent. correct observations. 

This usually only requires three or four observational points to define its 
position, and the criterion adopted by Lythgoe of 50 per cent. correct observations 
together with an allowance for chance was used for most of the tests. The 
correction for chance observations was applied as follows: suppose the observer 
to be seeing 50 per cent. of the test exposures correctly. Since there are eight 
possible positions for the gap in the Landolt broken circle, he will score one- 
eighth of the remainder by chance. 
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If, therefore, the observer’s true criterion were 50 per cent., his score would be: 
50 + 2 = 5625 per cent. correct observations. 


Similarly, if his true criterion were 80 per cent., his score would be: 
80 + ; = 82'5 per cent. 
Some tests were made at this higher performance since it is closer to the 
requirements of practical conditions. 


Receptor Mechanism.—The eye and brain, and the nervous connexions between 
them cannot be held constant: their performance will vary from moment to 
moment and day to day, so that an observer presented with a given visual task on 
different occasions will give responses which vary. The extent of such variations 
will depend upon the observer and the severity of the task. Some observers are 
more than usually consistent in this type of experiment and it is more convenient 
to use a small group of such consistent observers than a larger group of less 
consistent observers. 

Observations in a particular set of conditions must be repeated sufficiently often 
to get a fair average result: and the conditions of experiment must be precisely 
repeatable. One of the physical factors which can be controlled is the state of 
adaptation of the subject. He must be allowed the necessary time to adapt to the 
prevailing luminance level of the test. In these experiments tests were begun at 
normal luminances, where possible, and these were then gradually altered to the 
extreme levels. 

The distance between observer and test object also has some effect on the acuity 
of the observer. Shlaer, Smith, and Chase (1942) have pointed out that an 
alteration in the distance of a test object does not bring about an exactly corres- 
ponding change in the retinal image, because the posterior nodal distance of the 
eye alters during accommodation and increases the size of the image on the retina 
as the test object is-brought closer to the eye. Hartridge (1950) has calculated 
this effect, and it appears that it will only become appreciable at very close range. 
The apparatus used in the present tests displayed the test object at one metre from 
the observer and a difference in visual acuity of about 2 per cent. from that 
obtained at much larger distances might be expected. 

Exposure Time of Test Object.—The time 
allowed for detecting the detail of the test 
object will affect the performance of the 
subject. To investigate the extent of this 
effect an experiment was made using a per- 
formance test devised by Weston (1945). 
Cards consisting of 256 printed Landolt 
broken circles, arranged with their gaps in 
any of eight possible positions, were pre- 
sented before a subject who went through 
them marking off broken circles orientated 
in a particular direction. The time allowed 
to discover the detail of the test object 
—sb a a a 0Ss«Wvass: reduced, and the effect upon perfor- 

DESIRED TIME (per cent.) mance was noted. The relation between 

Fic. 3.—Effect of speed of working upon _‘ time and performance for one set of con- 

performance. ditions is shown in Fig. 3. Several tests 
of this type showed that the time factor had a marked effect on the results. The 
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more the observer is forced to “‘ work against time” the poorer is the perfor- 
mance. To assist in obtaining consistent results and to confine the problem to 
measurements of acuity, therefore, the observer was allowed as long as he liked 
to make his judgement in the experiments described below. 


par (3) APPARATUS 
Many ways of presenting the test object-have been devised: they may be 
broadly divided into direct viewing and observation of an aerial image. 
at The direct viewing method usually consists of showing the test object on a 
sak of card at a certain distance from the observer. Thus a relatively large test 
jations q Object can be used and consequently small errors in its reproduction are 
ers are § Unimportant. This has a disadvantage in that much space is required and 
venient § the surround conditions cannot be easily altered. 
of less In the second method an aerial image of the test object 
is formed by a lens system. This permits a short viewing 
y often f distance to be used provided that the test object is 
recisely ff accurately formed and allows a spotlight to illuminate 
ort . the surround without illuminating the test object itself. 
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In these experiments the second method was used. In the apparatus 
The (Figs 4 and 5) a lamphouse illuminated a photographic transparency of a 
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Landolt broken circle. A lens formed an image of the transparency in a 
fixed plane. The lens and the slide were mounted on carriers running over 
a pair of scaled guide rails and so, by altering the position of the lens and 
slide relative to the fixed plane, a large range of image sizes could be pro. 
duced. The image was formed in an aperture in the side of a booth and 
viewed by the subject sitting with his eyes at a distance of one metre. The 
subject viewed the test object binocularly with his eyes positioned at the 
correct distance by means of a head rest. This luminance pattern of the 
field of view was provided by white card discs mounted in the booth and 
illuminated by spotlights. The construction and checking of the apparatus 
and test object are described in the Appendix. 

The transparency could be rotated at high speed about its centre. By 
depressing a button the subject could stop the rotation: the broken circle 
was then presented to the subject in one of eight possible positions, the test 
object. remaining stationary as long as the button was depressed. Neither 
the subject nor the operator could influence this choice of position. The 
subject then informed the operator of the position in which he thought the 
gap appeared. By taking many such observations the subject’s performance 
could be estimated. 

This form of apparatus had several advantages. The size of the Landolt 
broken circle could be varied easily by means of the lens system, and the 
very small test. objects, required for the higher visual acuities, could be 
accurately produced. The test object was always presented at the same 
distance from the eye, thus avoiding any alteration of the posterior nodal 


distance. Also, a factor which was very important for the present investiga- 
tion, the test object could be easily incorporated into the various types of 
surround required by the experiment. 


(4) EXPERIMENTAL TECHNIQUE 
The observers employed in the tests were specially selected. A pre- 
liminary series of tests was carried out with a large group of subjects and the 
choice of subject was based upon two aspects of their performance. The 
criteria of selection were: 
(a) that the observer should be consistent in his readings; 
(b) that the absolute value of visual acuity obtained was approximately 
that of a person with average sight. 


In the first experiments each subject made twenty observations, trying to 
determine the position of the gap in the test object for various luminance 
conditions, the size of the Landolt broken circle remaining the same. This 
test was repeated on five separate occasions for each observer and a mean 
taken. Then a graph was plotted of performance against luminance con- | 
dition, and by using the criterion of 50 per cent. + chance (i.e. 56-25 per 
cent.) correct observations, it was possible to determine the luminance 
condition corresponding to the visual acuity. 
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After using this technique for some time it was found that the first few 
observations in each set of twenty were sometimes inconsistent with the rest. 
This was due to the subject taking a short time to settle down to the test; 
subsequently, therefore, the first few readings in each set were ignored. It 
also appeared that some reduction in the total number of one hundred 
readings taken by each observer would be possible and by taking a total of 
65 observations on two separate occasions, consistent results were still 
obtained. 


Altogether about 100,000 observations were made with neutral test objects 
and another 30,000 with coloured test objects. 


The adaptation of the observer’s vision to the luminance of the test will 
have a considerable effect upon performance. In the present experiments 
the observer was allowed as long as he required for adaptation, and where 
possible the tests were started at normal luminances before being gradually 
altered to the high or low values. 


If two test conditions are to be compared and the two tests are made on 
separate occasions, then the continual fluctuations in the visual acuity of the 
observers tend to mask the difference existing between the two conditions. 
This was overcome by comparing the two test conditions directly in each 
experiment wherever possible, for, although values might fluctuate, the 
relation between the two conditions remained fairly constant. The appara- 
tus was constructed, therefore, so that rapid changes in surround size and 
luminance level could be made. 


Performance of Subject.—In general the subject was unaware of the 
correctness or otherwise of his performance. This was most noticeable at 
the lower performance levels where the subject often could not believe that 
he was detecting the gap at all. Several subjects found that at certain 
instants they could see the gap clearly although their average performance 
was quite low. Evidently, for some reason, the visual mechanism was in a 
state favourable to the reception and recognition of the image at that 
particular moment. 


The time of observation of the test object was completely under the 
control of the subject. Most people took one to five seconds to make the 
judgement, the time required being longer as the task became more difficult. 
Although subjects had more confidence if the test started with easy conditions 
and was then made more difficult, it was found that their performance was 
the same if the test began with the harder tasks. 


With tests of this type, which tend to be monotonous and yet require the 
full attention of the subject, it is possible for fatigue to affect the result. In 
order to reduce fatigue the tests were kept as short as possible, and usually 
lasted about half an hour. Separate experiments indicated that there was 
no appreciable reduction in performance during this period. 
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(5) EXPERIMENTS WITH BLACK AND WHITE TEST OBJECTS 
(a) Effect of Luminance and Size of Surround on Visual Acuity.—The results 
of the experiments concerning the effects of luminance and size of 
surround are shown in Figs 6 and 7. For this investigation three surround 
sizes were used as well as the central field. These surrounds were circular 
discs subtending angles of about 120°, 38°, and 6° at the eyes, whilst the 
immediate background to the test object (or central field) subtended 0-5°, 
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Fic. 6.—Relation between visual acuity and lumin- _ FAG, 7.—Relation between visual acuity and 
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surround same as that of central field). 


(uminance of surround same as that of 





central field). 


In each case the surround was matched to the same luminance as the central 
field. The graphs show the relation between the luminance of surrounds of 
various sizes and the visual acuity. 

At low luminances, of the order of 0-8 ft.L., the size of the surround does 
not affect the visual acuity. At rather higher luminances the increase in 
surround from a background of 0-5° subtense to 6° gives improved visual 
acuity, but a further extension of the surround to 38° and 120° has progres- 
sively less effect. This tendency becomes more marked at higher luminance 
levels; although a considerable improvement in visual acuity occurs on 
increasing the surround from 0-5° to 6°, no significant change results from 
using the much larger surrounds of 38° and 120°. At Iuminances above 
about 1,000 ft.L. the visual acuity for all surround sizes is reduced. Also 
the previous effect of the size of surround is to some extent reversed, and 
the 38° and 120° surrounds give rather poorer visual acuity than 6°. 

Since the curves for surrounds of 38° and 120° are so alike up to 1,000 ft.L., 
it appears that, provided the surround subtends more than about 38°, all 
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Fic. 8.—Relation between visual acuity and lumin- 
ance of surround for various central field 





MEASUREMENTS OF VISUAL ACUITY 521 


sizes of surrounding field give similar results. The values of visual acuity 
found with a 120° surround may, therefore, be assumed to hold for a 180° 
surround. 


(b) Effect of a Surround of Different Luminance from the Central Field — 
Fig. 8 shows the result of tests with a 120° surround of different luminances 
from the central field. For a test object with a central field luminance of 
] ft.L., there is no change in visual acuity as the luminance of the surround 
is increased from darkness until the luminance of the surround exceeds that 
of the background, when a rapid fall occurs. With a 10 ft.L. central field 
juminance, visual acuity increases with the luminance of the surround until 
it reaches a maximum, when the two luminances are about equal, but a 
further increase results in a quick drop in visual acuity. The curves for 
central fields having Iuminances of 100, 1,000, and 10,000 ft.L. show this 
same gener. al shape. It is noticeable, however, that, as the luminance of the 
central field increases, so the maximum visual acuity occurs with surrounds 
having rather lower luminances than the central field. These results are 
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plotted in a different manner in Fig. 9 and in this form may be compared 
with Fig. 6. 

In these graphs at some points similar conditions occur but the indicated 
values of visual acuity are slightly different: this is because the two experi- 
ments were made on separate occasions and with different observers. 


A further series of experiments with the intermediate surround of 6° 
showed that it gave similar results to those obtained with a 120° surround. 


Fic. 9.—Relation between visual acuity and lumin- 
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The comparison is shown in Fig. 10 for central fields having luminances of 


{0 and {00 ft.L. The smaller surround does not have such a large effect: 


also the rapid fall in visual acuity when the surround exceeds the central 
field luminance is not so marked as for the larger surround. 
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3. Central field luminance 10 ft./L. with 120° surround. 
4. Central field luminance 10 ft./L. with 6° surround. 





(c) Effect of Changing Criterion of Detection.—A\\ the results presented in 
the previous sections are based on a “ 50 per cent. + chance” criterion of 
performance; the reasons for choosing this level of performance have been 
discussed in Section 2. However, in practical seeing a higher criterion is of 
more interest and the relation between the “* 50 per cent. ++ chance” and a 
higher criterion was, therefore, investigated. Because of the difficulty of 
determining the end point of 100 per cent. correct observations a rather 
lower level was ased. In Fig. 11 the effect of the luminance of a 38° sur- 
round upon visial acuity is shown for two levels of performance, “ 50 per 
cent. + chance” and “ 80 per cent. + chance”. Although the absolute 
values given by the higher criterion are quite different, the curves are similar 
in shape and show the same characteristics. 


(d) Variations in a Group of Subjects—The accuracy that could be 
obtained in the experiments was limited by the fluctuations in the perform- 
ance of the subjects. The precautions to reduce these variations to a mini- 
mum by employing consistent observers have been described. Because of 
the large number of observations made it is impracticable to show the 
individual results of each observer on the graphs without confusion. 
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However, in order to show the spread in performance of the observers in a 
typical experiment, their results have been indicated in relation to the mean 
curve in Fig. 12, which shows the variation of visual acuity with the lumin- 
ance of the central field. The spread in results of the four subjects in this 
test was typical of that encoun- ,, 
tered in al) the experiments, 

It is difficult to ensure that the 
ability of the subjects selected 
for the experiments does in fact asi 
represent an average perform- 
ance. In order to find out how 
far the selected subjects deviated 
from the mean of a larger group, 
the visual acuity of 27 subjects 
was measured for three different 
luminance conditions. In the 
Table these results are com- 
pared with those obtained from 


the smaller set of observers used 

in the main experiments; the ca 

differences are small. Ol l To) (00 4000 10000 
When tested with the Snellen ae 

chart the performance of the 

smaller groups of observers ranged between 6/4 and 6/9 (with glasses 


where worn): the average performance was slightly better than 6/6. 
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Fic. 12.—Spread of results for four abservers. 


TABLE 
RESULTS IN SELECTED SUBJECTS COMPARED WITH LARGER GROUP 
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Luminance Condition Ft.L, 


| Visual Acuity 
| 27 Observers | 3 Observers 
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0-5° background sen a6 1,000 
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(e) Results.—Visual acuity at the lower levels of luminance has been 
determined by many experiments, the most important being those of 
Lythgoe (1932). 

Fig. 13 (overleaf) shows the effect of luminance on acuity obtained by 
Lythgoe and in the present investigations. In Lythgoe’s experiments the 
background (which was a full 180° field) was limited to a luminance of 
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38-1 ft.L. The surround- 
ing and central fields were 
matched in luminance up to 
38-1 ft.L. Above this level 
the surrounding field was 
darker than the central field 
and this condition is shown 
on the graph bya broken line. 
Curves 1 and 2 in Fig. 13 
were obtained in this series 
of experiments on different 
occasions, the surround size 
being 120°. Curve 2 has been 
modified on the basis of the 
results shown in Fig. 8 to 
accord with Lythgoe’s re- 
duced surround luminance 
and this is shown by a broken 
: ; ' line. Having regard to the 
AE ER ag 100 1000 19000 limitations of this type of 
experiment there is good 


die gaan of Lythgoe’s results with present agreement between Lyth goe’s 
Curves ! and 2 were obtained in the present series of tests on results and ours. 


different occasions. Curve 2 has been modified, by a dotted line, : 
on the basis of results shown in Fig. 8 to accord with Lythgoe’s Because of the experi- 


test, the results cf which are shown by curve 3. m ental li mit ations Lythgoe’s 
results showed a continuous increase in acuity with increasing central field 
luminance: the present results, however, show that the increase of visual 
acuity does not continue indefinitely but reaches a maximum followed by 
a decrease. The region of falling visual acuity occurs at luminances only 
obtained in practice with light-coloured objects in bright sunlight, i.e. in 
the “ glare region”. This condition would be unlikely to occur with artificial 
lighting as at present practised. 


This result applies not only to large surrounding fields, but is true of all 
field sizes (Fig. 6). In general there is an increase in acuity as the surround 
size is increased, although the major increase was achieved when the sur- 
round subtended 5° to 10°. Figs 6 and 8 show that the minimum surround 
size which will give nearly maximum acuity depends upon the surround 
luminance. However, in general, it would seem that a surround subtending 
30°-40° will give very nearly the highest attainable value of acuity for a 
given luminance condition. In addition the observers found this a comfort- 
able condition for observations. The luminance of the surrounding field 
for maximum acuity is not critical for luminances below 100 ft.L., provided 
that the surround is not brighter than the central field. Fig. 14 (opposite) 
shows, however, that for central field luminance above 100 ft.L. the 
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surrounding field must have a considerably lower luminance than that of the 
central field to secure maximum visual acuity. 

All these results apply strictly only to a criterion of 50 per cent. chance of 
detecting the fine detail. Practical seeing demands a considerably higher 
chance of detection than  g900 
this, but there are two 
pieces of evidence which 
suggest that the results 
may be applied to more 
practical conditions. These 
are: 

(i) the tests made using 
an 80 per cent. criterion 
of detection, 

(ii) a comparison with 
the results of Weston 
(1935). 

The tests made with an 
80 per cent. criterion gave 
curve shapes similar to of io J 
those with a 50 per cent. LUMINANCE OF CENTRAL FIELD (ft/L.) 
criterion (Fig. 11). It Fic. 14.—Luminance of surround for maximum visual 

acuity (120° surround). 
appears, therefore, that 
altering the criterion will alter the absolute values of acuity recorded but 
will not materially alter the general relationships of acuity, luminance, and 
surround size. 

The results of some of the measurements of “ visual performance ” 
recorded by Weston (1935), a compound of acuity, speed of working, and 
accuracy, are shown in Fig. 15 (overleaf), which also shows a plot of visual 
acuity against luminance obtained in the present experiments. The curve 
shapes are not very different, but to bring the absolute values reasonably close, 
the visual acuity values found in Weston’s experiments must be multiplied by 
4:5. This suggests that the general curve shapes of Weston’s results are 
largely controlled by acuity, but that the absolute values are mainly deter- 
mined by other factors such as speed of operation. Evidently, therefore, 
although the results given in the present paper show the relations between 
visual acuity and other factors, they cannot be used to compute absolute 
values of acuity in practical conditions since any practical problem of seeing 
will involve difficulties which will greatly reduce the effective visual acuity. 





LUMINANCE OF SURROUND (ft/L.) 











| 
1000 ltOO000 


Conclusions—By far the largest factor affecting visual acuity is the 
luminance of the small immediate background (some 6°) to the visual task. 
By increasing the luminance of the background to the test object, relatively 
large increases in visual acuity can be secured up to the region of 100 ft.L. 
Beyond this luminance, visual acuity tends to remain constant and a definite 
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maximum is obtained at a high 
luminance level, the exact 
value of which depends upon 
the surround conditions. At 
luminances above about 1,000 
ft.L. (which are only en- 
countered in bright sunlight 
and on the surfaces of lighting 
fittings) there is an overall re- 
duction in visual acuity for all 
surround conditions. 

Visual acuity increases with 
the size and luminance of the 
surround, and a surround sub- 
tending some 30° or 40° at the 
eyes and having a Juminance 
tending to be rather lower than 
the background to the test 
object will give the best per- 
formance under most condi- 
tions. There is a considerable 
reduction in visual] acuity when 
the surround exceeds the back- 
a : ground luminance to the task. 
1 1 10 1001000 19000 Alterations in surround, in 

LUMINANCE (1t/L.) general, cause second order 
Fic. 15.—Comparison of Weston’s visual perform- changes in visual acuity, and 
ance results with Present experiment. it is unnecessary to provide 
1. Present experiment. 2. Modified Weston’s results. ° 
3. Weston’s results. large surrounding fields to 
secure high acuity. 

There is a widely held belief that to obtain good conditions for seeing, 
particularly in interiors, the diversity of luminance in the surroundings should 
be kept quite small and that large areas of the interior should have sub- 
stantially the same luminance as the work area: this is an argument adduced 
by some exponents of “ brightness engineering” who claim that this 
technique reduces glare and improves acuity. Whether or not glare is 
reduced, it is evident from the present work that large, bright surrounds do 
not improve acuity. 


The maximum visual acuity which can be obtained at high luminance 
levels corresponds to the detection of details much smaller than are en- 
countered even in such fine work as watchmaking, although it may be that 
our visual impression of a scene depends more on the appreciation of very 
small details than we realize. In ordinary work many other factors operate 
to affect the luminance needed for high visual efficiency. For example, the 
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element of speed in working, and the need for a higher accuracy than 1 in 2 
correct, makes it desirable to have a higher luminance than shown by these 
experiments for the convenient resolving of a small object of any given size. 
Alternatively, it must be appreciated that although under the best conditions 
the observers in these experiments were able to detect detail much smaller 
than is encountered in normal work, they would not achieve these high values 
of acuity in “real” situations where many conditions might limit their 
visual performance, as in Weston’s experiments. 

It appears, however, that acuity plays a large part in determining the 
relation between “‘ visual performance ” and such factors as luminance so 
that relations which hold between acuities measured under different con- 
ditions may also be substantially true for “ visual performance” under 
similar conditions. 


(6) EXPERIMENTS WITH COLOURED TEST OBJECTS 


(a) Method of Experiment.—A Landolt broken circle of one colour, upon 
a background of a. different colour but of the same luminance, was used to 
determine the visual acuity due to colour contrast at various luminance 
levels. 

The visual acuity of a subject with such a test object was found by the 
same method as that described for a black Landolt broken circle upon a 
white background. Since in this apparatus the actual test-object consists of 
a photographic transparency, a colour film could conveniently be used for 
the coloured test object. This places a considerable limitation on the colours : 
and saturations obtainable and, although the colour contrast was intended 
to be red and green, the actual colours reproduced on the film tended to 
red-orange and green-blue respectively. These were, therefore, not spectral 
colours but colours similar to those obtainable with normal dyes and paints. 
The Appendix gives details of how the test object transparencies were made. 
Two transparencies were produced: one having a green Landolt broken 
circle upon a red background and another with a red Landolt broken circle 
upon a green background. Both these transparencies had been exposed so 
that the reproduced colours were of equal luminance. 

Five subjects were selected as being consistent observers having average 
visual acuity. All gave normal results when tested with the Ishihara tests 
for colour blindness. With each of the two test objects, the visual acuity of 
each subject was determined over a wide range of luminances, using the 
methods described previously. A 38° surround was used for all tests and 
this was matched in colour and luminance with the background to the 
Landolt broken circle in both cases. As the colour film and the colour 
filters used on the spotlights illuminating the surround had a relatively low 
transmission, it was not possible to reach extremely high luminances. 


(b) Results.—Fig. 16 shows the visual acuity obtained with a red-green 
colour contrast. Curve (2) gives the results for a green Landolt broken 
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circle upon a red background, and Curve (3) those for the opposite colour 
arrangement, both having a medium-sized surround matched in luminance 
and colour with the background. In Fig. 16 these results for colour con- 
trast may be compared with 
those for a black, high con- 
trast, test object. Both of 
the curves for coloured test 
objects have characteristics 
similar to those for the 
neutral test object, in that 
visual acuity increases rapidly 
with luminance up to 100 
ft.L., reaches a maximum 
value, and subsequently de- 
creases at high luminances. 
The two-colour contrasts give 
similar results which are 
rather lower in magnitude 
than those obtained with a 
neutral test object. 

Most subjects found that, 
as the luminance of surround 
f and test object increased, 
100 «1000 10800 the saturation of both the 

coloured surround and the 

Fic. 16.—Visual acuity with Landolt broken circle background appeared to de- 

rere. crease, until they appeared 

1. Black circle on white. 2. Green circle on red. . 
3. Red circle on green. almost white at the very 
high luminances. 

The Landolt broken circle also appeared to undergo changes. As the 
luminance increases, in general visual acuity improves, and consequently 
the size of the Landolt broken circle required to test the subject decreases. 
This combined effect of increasing the luminance and decreasing the size of 
the test object appears to affect the two types of colour contrast differently. 
With the green Landolt broken circle upon a red background and surround, 
according to most subjects, the green appears to become darker at the 
higher visual acuities. However, with the red Landolt broken circle upon a 
green background, the subjects find it difficult to analyse the effect, which 
seems to be a tendency to make the red more prominent, and was variously 
described as an increase in the red luminance, or an increase in the red 
saturation. 


The visual acuity obtained for the red-green colour contrast is quite high, 
but does not attain the values obtained with a high-contrast neutral test 
object for a given luminance and surround size. With “‘ white” light 
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sources, however, in order to attain the same luminance with the coloured 
test object as with the neutral one, much higher illuminations were required. 
In the present experiment, the transmission of the colour transparency was 
of the order of 4 per cent. so that an illumination 25 times greater than 
that required for a black and white test object was needed to reach the same 
luminance. Under practical conditions a similar relation will occur. For 
example, the reflection factor of white paper is about 80 per cent. and that 
for red and green paper might be 15 per cent., thus requiring an illumination 
5 times greater on the coloured surfaces to achieve the same luminance. As 
can be seen from Fig. 16, such a reduction in luminance when using a 
coloured surface with a low reflection factor will reduce visual acuity con- 
siderably. Nevertheless, comparatively high values of visual acuity have 
been obtained with a red-green colour contrast under the described con- 
ditions of measurement. 


(c) Validity of Results.—It is important to stress the fact that these results 
strictly only apply-to detecting detail in a Landolt broken circle correspond- 
ing to the indicated visual acuity, because of the visual changes that take 
place when the luminance of the test object and surround is raised and the 
size of the Landolt broken circle is reduced for measurements at high visual 
acuity values. 

Although all observers found it difficult to analyse the changes that took 
place in the test object, in general the green Landolt broken circle appeared 
to become darker and the red broken circle more prominent: as a con- 
sequence an apparent brightness difference is added to the existing colour 
difference, increasing the contrast and probably increasing acuity. 

The results obtained, therefore, do not record acuity due solely to a colour 
contrast. To obtain this information it would be necessary to re-adjust the 
relative luminances of the Landolt broken circle and background for each 
set of observations to ensure that the subjective impression of the observer 
was that circle and background were equally bright. 

The technique adopted was to match the luminances of circle and back- 
ground at ordinary luminance levels and to assume that this match held 
over the range of sizes and luminances explored. This method has, perhaps, 
more resemblance to practical conditions than has the other method. 

The apparent change in the luminance of the Landolt broken circle in 
relation to that of its background might be due either to its decreasing size 
or to its increasing luminance. The effect of size was investigated in a 
subsidiary experiment in which a green Landolt broken circle upon a red 
background, at a fixed luminance, was viewed at various distances. It was 
found that as the subtense of the broken circle, at the observer, decreased, 
so it became darker with respect to the red. With the opposite colour 
arrangement, observers were unable to detect any definite change in appear- 
ance, but there might be a slight tendency for the red luminosity to increase. 
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This indicates that there is a change in luminosity as the size of the 
Landolt broken circle is reduced and a smaller image is produced upon the 
retina. The total subtense of the outside of the broken circle used in the 
present experiment varied from 7 to 4 minutes of arc, which corresponds to 
quite a small area on the fovea, and therefore the response of the subject 
depends upon the irregular colour vision of the central fovea. 

The results show that the visual acuities attained with the two copies of 
colour contrast are of the same order, which implies that the effect upon 
visual acuity of irregular foveal colour vision may be smaller than might be 
thought from the appearance of the test object. 

The colour vision of the central fovea has been investigated by Wright 
(1946), who determined the relative luminosity and hue discrimination 
curves for a field of 20’ subtense. These curves differ from those obtained 
for a larger field of 2° subtense and show that the central fovea is tritanopic 
(or less sensitive to blue radiations). This would explain the differences in 
red-green luminosity, the green appearing darker than the red for small fields, 

This change in luminosity as the field size is reduced has also been shown 
with an anomaloscope by Horner and Purslow (1947, 1948). In this 
investigation the amounts of red and green required to match a yellow were 
measured for fields subtending various sizes from 4° to about 12’. It was 
found that the amount was dependent on the viewing distance and that the 
ratio of red to green decreased steadily over this range of sizes. This again 
would indicate that the luminosity of green, with respect to red, decreases 
as the size of the field is reduced. 

This effect greatly complicates the measurement of visual acuity for colour 
contrasts, for the measurement consists essentially of varying the size of a 
colour patch in the shape of a test character. As the determination of 
visual acuity at normal luminance depends on the ability of the subject to 
discern smal) detail in a coloured test character, it is impossible to increase 
the size of the character and so free it from any extraneous effects. It might 
be possible to devise a different technique for the measurement of visual 
acuity that would avoid this effect by allowing an increase in the size of the 
test character; this could be accomplished for example by changing the 
criterion of detection of the detail and introducing a speed factor. The 
results obtained in these conditions could be compared with similar experi- 
ments for neutral test objects. It is most necessary, however, to decide what 
practical conditions the experiment is to simulate and then to design the 
experiment accordingly, 

The present results indicate the acuity to be expected when a small 
coloured object is viewed against a background of contrasting colour, where 
the two colours would appear equally bright in fairly large areas, and where 
the colour contrast is reasonably high for ordinary pigments. 


It seems likely that in practice the value of colour as a means for securing 


high visual acuity will be appreciably lower than shown by these results. 
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SUMMARY 


Using a black Landolt broken circle on a white ground as a test object, 
visual acuity was re-measured up to levels of luminance of 10,000 ft.L. with 
surrounds of various sizes. The values obtained by Lythgoe (1932) have 
thus been confirmed and extended. It is shown that acuity tends to decrease 
above 1,000 ft.L. and that a large surround is not necessary to high acuity. 

Some tests on coloured Landolt broken circles are also described; diffi- 


culties of observation arose from changes in the apparent brightness of 
coloured test objects with size. 
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APPENDIX 


Apparatus.—The general arrangement is shown in Figs 4 and 5. In the lamp- 
house was a 500 watt projector lamp illuminating a sheet of opal glass which 
provided the bright background for the transparency of the Landolt broken circle. 
This transparency was mounted on an aluminium disk which could rotate about 
the axis of the broken circle on a ball-bearing race. The transparency was rotated 
by means of A.C. coils which formed an eddy current induction motor with the 
aluminium disk. The gap in the Landolt broken circle could, therefore, rotate 
fo any angular position. Eight iron studs were mounted around the disk and 
when direct current was applied to another coil its poles drew in the nearest stud 
and stopped the rotation. The gap could, therefore, appear at random in any of 
tight positions, and the choice of position was entirely a matter of chance. The 
direct current was applied to this coil when the subject operated a push-button 
switch, and the test object then remained stationary as long as the button was 
depressed, so that the subject could view the test object for as long as he desired. 
The disk and transparency rotated at 150 r.p.m. and the position of the gap was 
undetectable at this speed. The lamphouse and transparency carrier were 
Mounted upon a trolley running on two rails and provided with a scale. The 
projection lens was mounted on another trolley and formed an image of the 
Landolt broken circle in an aperture at the end of a booth; by altering the relative 
Positions of the lens and transparency with respect to this aperture it was possible 
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to obtain a large range of image sizes. Fig. 17 shows the projection lens and 
transparency carrier mounted upon their trolleys. The subject sat with his eyes 
positioned by means of a head rest so that they were one metre away from the 
aperture. The aperture in which the test object was shown subtended a total 
included angle of 05° at the observer's eye and this formed the background to the 
test object. Three additional surrounds subtended angles of 6°, 38°, and 120° 
respectively. The 6° and 38° surrounds were provided by white disks surrounding 
the aperture and were illuminated by tungsten lamp spotlights in the booth. The 
120° surround was provided by a translucent sheet mounted in front of the 
observer, lighted from behind either by a spotlight or, for the very high luminances, 
by high efficiency photographic lamps. The light output of the spotlamps and 


the lamphouse was under the control of the operator. 


Fic. 17.—Transparency carrier and lens (close-up view). 


Test Object Transparencies.—For the fairly short distances at which observations 
were made a very small Landolt broken circle was required. For a neutral test 
object the transparency was made photographically by copying a white ring on a 
black background and using the resulting negative of a black ring on a clear 
ground. An accurately drawn Landolt broken circle of about 2 in. diameter was 
thus reduced to one about 1-5 mm. in diameter on the negative. To do this 
accurately required a combination of camera and film capable of high contrast 
and resolution. Several combinations of films and developers were tried, and 
Kodak “ Microfile ” negative material was selected as having extremely fine grain 
and being capable of high contrast. The negative used for the projection trans- 
parency had a contrast of about 150:1. In the transparencies used the circle 
diameter was 0:17 cm. with a gap of 0-034 cm. The test objects used for the 
colour contrast experiments were made in a similar way. ‘“ Kodachrome” 
reversal colour film was used to reproduce a transparency of a small coloured 
Landolt broken circle upon a coloured background. Because the colours 
employed were red and green, effects of colour diffusion within the film gave some 
trouble, and a large number of test exposures had to be made in order to eliminate 
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this effect. The dyes used in colour films limit the range of colours obtainable, 
but they are probably as saturated as most of those found in ordinary pigments. 
The approximate chromaticity coordinates of the colours obtained were these: 


Red ba x = 0°64 y = 0:36 


Green ‘an x = 0-28 y = 0-40 


The slides were selected so that the red and green were of equal luminance, as 
measured with a visua] photometer equipped with suitable colour matching filters. 

For copying the neutral and coloured test objects a 35 mm. “ Contax ” camera 
was used; a Jens aperture of £8 gave a resolution of 80 lines per mm. 


Checking the Apparatus.—The size of the gap in the image of the Landolt 
broken circle was determined in two ways. In the first method, the nodal planes 
and focal length of the lens were found, so that the position of the lens and trans- 
parency gave various magnifications. The size of the gap in the transparency 
was found with a travelling microscope and the image sizes corresponding to the 
various magnifications were obtained. These calculated values were then checked 
by measuring the size of the gap in the image of the Landolt broken circle by 
two methods: directly-with a travelling microscope, and indirectly by forming a 
magnified image. The differences between the calculated and measured values 
of gap sizes were about | per cent. 

The luminances of the image and surround were measured with a portable 
visual photometer. Most of the luminance levels of the image were obtained by 
placing calibrated neutral filters in front of the lamphouse, finer control being 


effected by altering the voltage applied to the lamp. The luminance of the image 
did not vary with magnification. 
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SODIUM AND CHLORIDE OF THE AQUEOUS HUMOUR 
OF NORMAL AND SCORBUTIC GUINEA-PIGS 


BY 
J. W. RIDGE 


Ophthalmological Research Unit (Medical Research Council), Institute of Ophthalmology, 
University of London 


THE study made by Scholz (1950, 1953) of the distribution of sodium between 
the aqueous humour and the plasma of the guinea-pig brought to light two 
interesting results. First, it showed that the aqueous-plasma distribution of 
sodium in the guinea-pig was markedly different from that found in other 
species which had been investigated. The value of the steady-state ratio of 
sodium in the guinea-pig aqueous to that in the plasma was found to be 
1-024 +0-0055 (23) (Scholz, 1950), compared with 0-936 in the horse; 0-945 
in the steer; 0-943 sheep; 0-935 pig; 0-940 goat; 0-943 rabbit; 0-965 dog; 
and 0-960 cat (Davson, 1953). Secondly, Scholz (1953) showed that in the 
scorbutic guinea-pig the steady-state ratio fell to 0-948+0-01 (21), a value 
very close to that for plasma and its dialysate; this suggested to Scholz 
* that ascorbic acid is essential] for the secretion of sodium into the aqueous 
from the plasma’’. This result was therefore considered to lend support to 
the hypothesis of Friedenwald and others (1943) regarding the part played 
by ascorbic acid in the formation of the aqueous humour. Since this 
finding has such a direct bearing on one of the central problems of aqueous 
humour dynamics, namely the factors responsible for the formation of the 
aqueous, it was decided to submit it to further test. 

Let us assume that scurvy is without effect on the plasma sodium con- 
centration (an assumption which is justified below), and that throughout 
Scholz’s experiments it remained constant at about 140 mEq./kg. H,O, then 
the ratio of 1-024 for the normal animal indicates that the aqueous sodium 
concentration was 143-36 mEq./kg. H,O. In the scorbutic animal, with a 
ratio of 0-948, the aqueous sodium concentration must have been about 
132-72 mEq./kg. H,O. These figures show that scurvy is accompanied by 
a decrease in the aqueous sodium concentration of about 10-64 mEq./kg. 
H,O, and further that to maintain electrical neutrality there must have been 
either an entrance of an equivalent amount of other cations, or an equivalent 
decrease of anion, or compensatory changes in both. 

It is extremely unlikely on a priori grounds that such a large loss of sodium 
could be made good by other cations without profound alterations in the 
character of the blood-aqueous barrier and there are no indications at the 
moment that such alterations have occurred. It seems much more reason- 
able to suppose that any necessary adjustment would manifest itself in the 
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anion concentration, and here the most likely candidate is the chloride ion. 
The part played in such an adjustment by the absence of ascorbate ion in 
scurvy is demonstrably small. In the normal guinea-pig the aqueous 
ascorbate concentration is of the order of 0-6 mEq./kg. H,O (Linnér, 1952), 
and it can therefore account for only a small part of the discrepancy. For 
these reasons it was decided to extend Scholz’s experiments to the chloride 
ion; and to investigate the concentration of this ion in the aqueous and 
plasma of normal and scorbutic guinea-pigs and also in a group of guinea- 
pigs whose plasma ascorbate level had been maintained above saturation 
level for several hours. It was also decided to attempt to confirm Scholz’s 
sodium results by an entirely different technique. 


Methods 


Adult guinea-pigs of about 600 g. were randomly selected from stock. Those in the 
normal group were fed on rabbit pellets supplemented with hay and cabbage and had 
free access to water at all times. The scorbutic group were fed a diet of roasted crushed 
oats and bran and water ad lib. Scurvy developed quickly on this diet and after 10-12 
days no ascorbate could be detected in the aqueous humour. If the animals were left 
longer than this the clinical signs of scurvy soon appeared, e.g. a marked loss of weight 
and haemorrhagic lesions in the buccal membranes. Animals with these symptoms were 
in very poor condition and forthe most part failed to respond to injections of ascorbic 
acid. It is probable that there was a widespread impairment of essential functions and 
it is not easy to separate the effects of such damage from ascorbic acid deficiency pure 
and simple. For this:reason animals in this category were rejected. 

The plasma ascorbate saturation level was exceeded for a period of 6 hours (i.e. long 
enough to achieve steady-state conditions in the eye) by a series of intraperitoneal injec- 
tions of a 3 per cent. (w/v) solution of ascorbic acid. An initial injection of 0-4 ml. 
(12 mg. ascorbic acid) was given followed by 0-1 ml. (3 mg.) at half-hourly intervals. 
Blood was taken by cardiac puncture from the conscious animal. Heparin was used as 
an anticoagulant and was freed from sodium or chloride ions by being passed down the 
appropriate ion exchange column. The cells were immediately spun down and any 
haemolysed samples were rejected. The animals were killed by a blow on the neck and 
the aqueous samples, about 30 ul, taken immediately in calibrated micropipettes. 

The total solids of the plasma were determined by drying (110°C. overnight) weighed 
samples of plasma and the results were used in the calculation of the results. 

Sodium was determined by flame photometry and chloride by the method of Sendroy 
(1937). 

To establish the equilibrium ratio between guinea-pig plasma and its dialysate, several 
samples of plasma were dialysed for about 20 hours against initially isotonic saline 
across a collodion membrane. Total solids in the plasma after dialysis were determined 
as described above and used in the calculations. The dialysate was tested for the presence 
of protein and the sample rejected if this were found to be present. 


Results 


The anticipated compensatory change in the chloride concentration was 
not found. In the normal guinea-pig the chloride concentration of the 
aqueous humour was 107-32+1-38 mEq./kg. H,O (12), and that of the 
plasma 121-32+1-36 mEq./kg. H,O (12). The mean steady-state ratio 
(aqueous to plasma) was 0-89-+0-01 (12). 
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In the scorbutic animal the values were essentially the same: aqueous 
humour chloride concentration 108-00+1-79 mEq./kg. H,O (14); plasma 
chloride concentration 117-47+1-63 mEq./kg. H,O (13); corresponding 
steady-state ratio 0-91+0-01 (13). 

It was also found that saturation with ascorbic acid had no effect on 
either the aqueous humour or plasma chloride concentrations. The experi- 
mental findings were: aqueous, 110-11+1-23 mEq. Cl/kg. H,O (12); 
plasma 120-03+0-99 mEq. Cl/kg. H,O (12), and the mean steady-state 
ratio 0-°90+0-01 (12). These results are summarized in Table I. 


TABLE I 


DISTRIBUTION OF CHLORIDE BETWEEN AQUEOUS. HUMOUR AND PLASMA OF 
NORMAL, SCORBUTIC, AND ASCORBIC ACID SATURATED GUINEA-PIGS 


| 


| mEq. Cl./kg. H,O 








Group 
| Aqueous Humour | Plasma | Aqueous Humour/Plasma 


107-32 | 124-32 | 0-89 
108-00 | 417-47 | 0-91 





Normal 





Scorbutic 





| 
| 
| 
| 
Saturated ..._... : 110-11 120-03 | 0-90 





The value of steady-state ratio (aqueous to plasma) for sodium 1-04+0-01 
(24) agreed with that found by Scholz (1-024), and the absolute values were 
143-91+0-72 mEq./kg. H,O (24) for the aqueous, and 138-62+0-98 
mEq./kg. H,O (24) for the plasma. 

On the results for the scorbutic animal Scholz and the present author part 
company, for in the present experiments no difference in the aqueous-plasma 
sodium distribution could be detected as between normal and scorbutic 
animals. In the aqueous of the scorbutic animal there was 144-73+0-71 
mEq. Na/kg. H,O (26) and in the plasma 139-77+1-00 mEq. Na/kg. H,0 
(26). The corresponding steady-state ratio was 1-04+0-01 (26). Nor did 
saturation with ascorbic acid have any marked effect on the ratio although 
the absolute values from which it was calculated were slightly higher. The 
steady-state ratio in this case was 1-03-+0-01 (18) and the absolute values 
were 148-66+0-84 mEq. Na/kg. H,O (18) in the aqueous and 144-68 +0-69 
mEq. Na/kg. H,O (18) in the plasma. The physiological significance—if 
any—of the raised plasma and aqueous sodium concentrations in the 
saturated animals is unknown; the important point in the present context is 
that the distribution is unchanged. The present sodium results and those 
reported by Scholz are gathered together for ease of reference in Table Il 
(opposite). 

The total solids in guinea-pig plasma varied between 5-64 per cent. and 
6-42 per cent: with a mean at 6-03. This value agrees well with that found 
by Barany (1951) and Scholz (1953). No systematic difference between the 
groups could be detected. . 
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TABLE II 


DISTRIBUTION OF SODIUM BETWEEN AQUEOUS HUMOUR AND PLASMA OF 
NORMAL, SCORBUTIC, AND ASCORBIC ACID SATURATED GUINEA-PIGS 





Group 


| 


mEq. Na/kg. H,O 





Aqueous 
Humour 


Plasma 


Aqueous 
Humour 
Plasma 


Aqueous Humour 
Plasma 
(Scholz 1950, 1953) 





Normal 


143-91 


138-62 


1-04 


1-024 





Non-scorbutic Control 


1-015 





Scorbutic 


144-73 


139-77 


1-04 


0-948 





Saturated 





148-66 


144-68 


1-03 














The results of the experiments in which plasma was allowed to come into 
equilibrium with protein-free saline showed the ratio of the sodium con- 
centration in the dialysate to that in the plasma to be 0-94+0-006 (15), and 
that of the chloride ion to be 1-00+0-004 (21). 


Discussion 

The obvious point of departure for this discussion is to search for the 
cause of the discrepancy between the present findings and those of Scholz. 
Entirely different methods for the determination of sodium were used in the 
two cases. Scholz used radioactive Na®* administered intraperitoneally as 
a solution of one of its salts 24 hours before the aqueous and plasma samples 
were taken. The measurement of the radioactivity of the samples seems 
to be beyond reproach and the result for the normal guinea-pig has been 
confirmed by Kinsey (Scholz, 1950) “‘ using ordinary analytical techniques’. 
This particular result was also confirmed by the present author using flame 
photometry which was shown to give a quantitative recovery of sodium added 
to both plasma and aqueous. The only point of difference seems to lie in 
the severity of the scurvy that was allowed to develop in the experimental 
animals. Scholz kept his animals on a scurvy-producing diet for “‘ about 3 
weeks ” and did not use them until “‘ a severe degree of clinical scurvy was 
manifest”. It is arguable whether the animals should have been allowed to 
deteriorate to such an extent, for it is well known that in severe scurvy there 
occur irreversible changes which are probably secondary to the vitamin 
deficiency. The present author has attempted to avoid this extra variable 
by allowing only a subclinical state of scurvy to develop. Furthermore, if 
one accepts, as a working hypothesis, the role attributed by Friedenwald and 
others (1943) to ascorbic acid in the formation of the aqueous there seems 
to be no need to allow the scurvy to develop beyond the subclinical stage. 
The absence of ascorbate from the plasma without its subsequent complica- 
tions should be sufficient and this was the condition aimed at in these 
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experiments. It is a comparatively simple matter to decide whether such a 
state has been attained, for, owing to the avidity with which the ciliary 
processes take up ascorbate from the plasma especially at low plasma 
ascorbate concentrations, the aqueous humour ascorbate is a sensitive 
indicator of the presence of the vitamin in the plasma. If no ascorbate is 
detectable in the aqueous, one may assume with a high degree of confidence 
that the plasma is also ascorbate free. This was the case in the present 
experiments, and I am of the opinion that these experimental conditions are 
capable of providing a more significant answer to the question whether or 
not ascorbic acid is involved in the movement of sodium across the blood 
aqueous barrier. 

When guinea-pig plasma was at equilibrium with its dialysate the ratio of 
the concentration of sodium in the dialysate to that in the plasma was 0-94. 
In vivo, the steady-state ratio of sodium is 1-04, i.e. there is a 10 per cent. 
excess of sodium in the aqueous compared with the plasma dialysate, and 
it is inferred that the maintenance of this excess requires the continuous 
expenditure of energy, presumably in the ciliary processes. Friedenwald 
and Stiehler (1938) have shown that a possible source of this energy lies 
in the difference of potential which they found to exist between the 
epithelium and stroma of the ciliary body. They also concluded that 
ascorbic acid played the part of a mediator in the enzyme complex respon- 
sible for the maintenance of this potential. On the other hand, Barany(1951) 
has shown that the rate of flow of aqueous is independent of the nutritional 
state of the animal with respect to ascorbic acid. If, as seems probable, the 
transfer of*sodium across the blocd-aqueous barrier is related to the forma- 
tion and rate of flow of aqueous as a whole, then the present results, namely 
that neither the sodium of the aqueous humour (as a direct consequence) 
nor the chloride (as an indirect consequence) is affected by ascorbate 
depletion or saturation, seem to support Barany’s findings rather than those 
of Friedenwald. 


The results of this work seem to suggest two possibilities: 


(i) That ascorbic acid. may be involved in the maintenance of the potential 
difference between the ciliary epithelium and stroma, but that the transfer of 
sodium across the blood-aqueous barrier is not dependent on this mechanism. 


(ii) That the transfer of sodium is related to the potential difference, but 
that ascorbic acid plays no part in its maintenance. 


Summary 
(1) The steady-state ratio of the concentration of sodium and of chloride 
in the aqueous humour to that in the plasma have been investigated in 
normal, scorbutic, and ascorbic acid saturated guinea-pigs. 
(2) The sodium ratio (aqueous to plasma), confirming earlier work, has 
been shown to be 1-04, a value considerably in excess of that for several 
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other animal species. The value is unaffected by ascorbic acid depletion or 
saturation, and in this respect the present results are at variance with those 
of Scholz (1953). 

(3) The chloride ratio (aqueous to plasma) has been shown to be about 
0:90, and also unaffected by scurvy or saturation with ascorbic acid. This 
result is in harmony with the sodium findings. 


I wish to express my thanks to Sir Stewart Duke-Elder for his interest in this work and to 
Miss Barbara Burton for technical assistance. The cost of this work was borne by the Medical 


Research Council. 
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TREATMENT OF VERNAL CONJUNCTIVITIS* 
BY 


M. ALIMUDDIN 
Army Medical College, Rawalpindi, Pakistan 


THE aetiology of vernal conjunctivitis is not yet established apart from a 
supposed association with “allergy”. Fibrolysin (Luedde, 1920), acetic 
acid, lactic acid (Tontscheff, 1929), chaulmoogra oil (El-Tobgy, 1933), and 
other classical “‘ magic eye-drops’, have all proved useless. No specific 
therapy has been found apart from palliatives till the disease subsides of 
its own accord. 

The clinical aspect of the disease has already been dealt with (Alimuddin, 
1955); in the following study the effects of various therapies are evaluated. 


Material 
The study is based on 1,050 cases, 350 each of the irritative, limbal, and palpebral types, 
and extends over a number of years. 
Methods 
Every case was subjected to the following investigations (Table 1): 
(a) Complete blood picture. 
(6) Repeated stool examination for worm infestation. 
(c) Conjunctival scrapings stained with Leishman’s stain for eosinophils. 
(d) Ear, nose, throat, and skin examination for evidence of allergy. 


TABLE I 
INVESTIGATIONS 





Eosinophils | 





No. of | | Intestinal Negative 
Cases Blood | Conjunctiva | Worms | Findings 
(4to12 )} (4tol5 i 
per cent.) | per field) 


| No. | per | No. | per | No. | per } 


{ 
| cent. | | cent. | cent. | 











} 


491| 40 | 945/ 90 | 368 | 


1,050 | } 


} 
\ \ \ | 





Therapy 
General 
(a) Climatic——Through economic and other factors only twenty cases of each 


type were studied (Table II). Change of climate by going to hill stations (Abbott- 
abad and Murree) was found to be more efficacious than the use of drugs. It 
gave immediate relief, but a short stay in the hills often led to a worse relapse. 
A whole summer spent in the hills aborted the irritative type of conjunctivitis and 
prevented its recurrence in subsequent summers, but other types, though relieved 
temporarily, were not prevented from recurring. 





*Received for publication May 13, 1955. 
+ Blood eosinophils up to 3 per cent. and j ival inophils up to three per field were taken as normal. 
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TABLE II 
EFFECT OF HILL STATION ON RELAPSE 





; Relief of Relapse next 
No. of Cases Symptoms (per cent.) | Summer tone cent.) 


20 100 5 


Type of Affection 





Irritative 








Palpebral 


| 
| 
Limbal a ae] 20 | 80 | 90 


20 | 65 | 95 





(b) Allergic 

(i) Diet.—Each patient was asked to name the food-stuffs which he thought aggra- 
vated his symptoms, but only 142 patients (14 per cent.) gave positive answers. 
Onion topped the list, spices came next, and beef, eggs, tamarind, citrus beverages, 
and brinjal were also blamed. 

(ii) Intestinal Infestations —368 cases (35 per cent.) showed intestinal infestation 
(ascariasis, ankylostomiasis, amoebiasis). Adequate intestinal treatment cured a 
certain percentage of cases, in comparison with the control cases (twenty of each 
type) to whom no treatment was given (Table III). 


TABLE Ill 
EFFECT OF. INTESTINAL TREATMENT ON RELAPSE 





Percentage 





Relief of 
Symptoms 


| 
Irritative ead 90 20 | 95 
Limbal 75 40 100 


| 
Palpebral_... | 30 | 80 100 
| | | 


Relapse next | Relapse in 
Summer | Control Cases 


Affection | 
| 

















(iii) Skin and E.N.T. Allergy.—This was found in 15 and 9 per cent. respectively. 
Most of the skin cases showed seborrhoea of the scalp and eyelid margins (60 per 
cent.). The commonest E.N.T. affection was chronic vaso-motor rhinitis. Treat- 
ment of these disorders had a remarkable effect in relieving the eye symptoms and 


preventing their recurrence (Table IV). 
TABLE IV 
EFFECT OF SKIN AND E.N.T. TREATMENT ON RELAPSE 





Treatment 
Type or | Skin | E.N.T. 


Affection | - 
| No. of} Relief Relapse | Relapse i in) No. of} Relief | Relapse ) Relapse in 


| Cases of next 10 Control Cases of next | 10 Control 
Symptoms | Summer Cas Symptoms | Summer | Cases 


| [3 | 10 


Bee Nil | 100 |. 64 | 100 | 
Limbal | 32 | 90 ‘5 {| to | 12] 9% | 20) 100 
* pep= >=] 











Irritative 90 








Palpebral 36 20 1 100 


} 
{ 
) 
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Medicinal.—The drugs were used topically as drops, ointment, or by subconjunc- 


tival injection from March to September. Each drug was used in twenty cases of 
each type, and twenty control cases of each type were given normal saline drops 
or injections (Table V). 
TABLE V 
EFFECT OF DRUGS ON RELAPSE 





Type of Affection (per cent.) 





So 


























Irritative \ Limbal | Palpebral 
7” a | | a | < 
SE | =e \teulSee| SE g.2|25,| SE 2.8 | eee 
Adrenaline | 100 | 50 | 50 95 | 60 | Nil | 100 | 100} 40 | Nil | 100 | 100 
Antistin 100 | 65 | 35 90 65 | 20 80 100 } 10 ) Nit | 100 | 100 
Cortisone 100 | 90 | 70 | 50 | 100 | 40 | 2s | 75 | 100 





(a) Adrenaline Drops (four times daily): 


Liq. adrenaline B.P. dr. 1 
Boric acid gr. 15 


Aqua dist. ad oz. | 
(b) Antistin (2 phenyl-benzyl-aminomethyl-imidazoline)—0-5 per cent. solution 
four times daily as drops. Tablets of 0-1 g. three times daily were also used, but 
showed no advantage over local application. 


(c) Hormones.—Encouraging reports are now available of the beneficial effects 
of corticotropin, cortisone, and hydrocortisone in allergic affections of the eye 
(Duke-Elder and others, 1951; Woods, 1952; Gordon and others, 1953). 

It was found that cortisone (17-hydroxy-11-dehydro-corticosterone acetate) 
had better clinical effects than other drugs of this group. Topical or subcon- 
junctival injection was as good or even slightly better than systemic administration. 
It was used as 1 per cent. solution or ointment four times daily, or 10 mg./ml. 
subconjunctivally weekly. Subconjunctival injections produced subconjunctival 
crystallization and nodule formation if the drug were not slightly warmed 
and the injection followed by heat to the eye. 

The irritative type responded equally well to drops or ointment. The limbal 
and palpebral types responded better to ointment and subconjunctival injections. 
Ointment is better than drops because it stays longer in the conjunctival sac and 
is not readily washed away by tears. The effect of cortisone on the relief of 
symptoms was remarkable. Within 48 hrs, the photophobia, itching, and redness 
subsided, and the milky appearance and swellings showed a marked reduction; 
in about 3 weeks, the condition passed into a subclinical state. 

After some time the conjunctiva became insensitive to all these drugs and 
required a change of medication. This resistance was least with cortisone and 
greatest with adrenaline. 


Radiational.—Gamma rays of radium, and beta and x-radiations have been 
used in vefnal conjunctivitis with varying results (Robinson, 1929; Lederman, 
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1951; Wliff, 1951). In the present series, only x-radiation was used; the technique 
followed was that of Lederman (1951). Only those cases which showed no response 
to other recognized forms of therapy or which were likely to require surgery were 
selected. 

Ten cases were given “ whole-eye” radiation: 60kV, 2mA, filter 1 mm. Al, focus- 


skin distance 4 cm., 20r weekly for 6 weeks. 
Ten others were given “‘ tangential anterior segment ” radiation to the swellings in the 


lids or at the limbus: {00kV, 5mA, filter 0-1 mm. Cu, focus-skin distance 30 cm., field 
size 2 1 cn., 20r weekly for 6 weeks. 


The results were not encouraging (Table VI), and neither method showed any 
advantage over the other. 


TABLE VI 
EFFECT OF X-RADIATION 

















| Result (per cent.) 
Technique No. of Cases 
Relief \ Failure 
Whole-Eye ... “3% | 10 | 30 | 70 
Anterior Segment ... | 10 | 20 | 80 
Comment 


A change from a hot to a cold climate was found to be by far the best 
palliative (Table I). Heat and a dusty, dry atmosphere aggravate the con- 
dition, which is not as common in the humid climate of East Pakistan as in 
the dry, hot climate of West Pakistan. 

Much has been written about pollens, animal inhalants, asthma, hay-fever, 
and vaso-motor rhinitis (Lagrange, 1922; Townsend, 1923; Weinstein, 1931; 
Mamoli, 1930), but diet has so far received little attention. 

Diet was claimed by the patients to be a factor in the recrudescence of 
symptoms in 14 per cent. of cases. How this is brought about—whether 
by exogenous or endogenous sensitization, or by a mere reflex action—is not 
known. Onion may be taken to irritate the eyes by its volatile vapours, 
and spices and foods by reflex action. 

The association of vernal conjunctivitis with intestinal parasites, and 
skin and E.N.T. allergy is well known. The effect on vernal conjunctivitis 
of treating these associated conditions was remarkable (Tables III and IV), 
the degree of relief and control of the relapse rate being approximately 
equal to that achieved by cortisone therapy. It is therefore worth searching 
for and treating these associated allergies. 

The irritative type of conjunctivitis is readily amenable to treatment, 
while the palpebral type is the most recalcitrant. In an early case most 
drugs (adrenaline, ephedrine, Privine, Phenergan, Antistin, etc.) produce 
good results, but soon the conjunctiva becomes insensitive and they fail to 
excite a good response. Cortisone is the drug of choice, in this respect 
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both as palliative and as curative (Table V), but it has to be used for the 
whole season from March to September to be of real value, and no good is 
done by using it haphazardly. Cortisone is the only drug which was found 
to be of value in the palpebral type; it gave 40 per cent. relief and 25 per cent. 
cure where other drugs had totally failed. 

In the few cases studied, the results of x-radiation were not at all encourag- 
ing, but this may be tried as a last resort when other forms of therapy have 
failed. 


Summary 


The treatment of 1,050 cases of vernal conjunctivitis is analysed. Certain 
articles of diet (onion, spices, beef, eggs, tamarinds, citrus beverages, and 
brinjal) were reported by the patients to aggravate their symptoms. The 
treatment of associated intestinal worms, and skin and E.N.T. allergies, and 
the topical use of cortisone gave the best palliative and curative results. 


Thanks are due to Lt-Gen. W. A. Burki, C.B.E., D.G.M.S., and Maj.-Gen. M. N. Mahmood, 
D.M.S., for.their permission to publish the statistics, and to Dr. S. M. Jaffar, Reader in Derma- 
tology, for his valuable advice. 
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STUDIES ON THE AETIOLOGICAL PROBLEM 
OF UVEITIS* 


BY 
CHARLES SMITH anp NORMAN ASHTON 
Department of Pathology, Institute of Ophthalmology, University of London 


DESPITE modern methods of investigation those cases of endogenous uveitis 
in which the aetiology is known with certainty are few, so that this group 
of diseases remains to-day one of the major problems of ophthalmology. 
For example, statistical studies show that, of all causes of blindness, uveitis 
is responsible for 7-95 per cent. in England and Wales (Sorsby, 1950), 8 per 
cent. in Norway (Holst, 1952), and 11-9 per cent. (Cowan and English, 1941) 
and 11-5 per cent. (Hurlin and others, 1947) in the United States. 

The clinical classification of uveitis into anterior or posterior, acute or 
chronic, serous or plastic, gives little information as to the underlying 
pathological process and it has been suggested that endogenous uveitis may 
be more usefully grouped as “ granulomatous ” or “ non-granulomatous ” 
(Woods, 1947, 1949b). These terms relate the clinical picture to the histo- 
logical changes and thus separate two types of inflammatory response, of 
which “ granulomatous ” is believed to signify a direct infection of the uvea 
and “‘ non-granulomatous ”’ a sterile allergic reaction. 

That this classification has much to commend it is shown by the advances 
it has stimulated and by its wide acceptance in ophthalmology, but it is 
doubtful whether its basic assumptions are wholly tenable. The evidence 
that granulomatous lesions are necessarily infective and non-granulomatous 
reactions allergic in origin is certainly not generally true (Ashton, 1954a), 
and in ocular pathology the cause of these two histological reactions is 
frequently obscure. 

It would seem that, if we are to advance our knowledge of the aetiology 
of uveitis, it would be well in laboratory studies to abandon any precon- 
ceived notions of classification, to carry out an unbiassed investigation of 
each case irrespective of its particular clinical features, and subsequently to 
attempt a correlation of the findings. To this end we have carried out a 
number of investigations of a series of cases of uveitis irrespective of their 
clinical classification, and have later considered the findings in relation to 
the site of the lesion, e.g. anterior, posterior, or pan-uveitis. 

The main methods used in these studies have been: 


(a) Comparing blood and serological findings in uveitis with the 
findings in control groups; 

(b) Observing the response of lesions to specific therapy; 

(c) Attempting to isolate infective agents from the eye. 





*Received for publication June 6, 1955 
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This paper containing the first report of our results is mainly concerned 
with the first of the above methods, namely the correlation of ocular lesions 
with blood and serological findings. 


Material and Methods 


Source of Patients.—To enable the survey to be undertaken, patients were referred to a 
central clinic at which a history was taken and a detailed inquiry made into past infectious 
illnesses and contacts with infectious conditions. In each case an x ray of the chest was 
taken before the patient attended for investigation, and, in certain cases, in which there 
was evidence of dental caries or of a sinus infection, further x rays were taken of teeth 
and sinuses respectively. Even if a probable diagnosis had been made, as for example 
in sarcoidosis showing typical bony changes, the case was nevertheless retained in the 
series and analysed according to the site of the lesion. 

In the main the patients were drawn from the Moorfields and Westminster Ophthalmic 
Hospitals and to a lesser extent from the Swanley Eye Sanatorium, which, although 
theoretically an institution for cases of tuberculous ocular disease, actually treats many 
cases of chronic uveitis of unknown cause, so that in reality there is no tendency for the 
series to contain a disproportionate number of tuberculous cases from this source. 

One point, however, which tends to produce a bias in our series is the fact that many 
mildly affected patients were not willing to make a special visit to the clinic, particularly 
if they were still working; it is therefore probable that the whole series contains more 
severe and chronic cases than would be seen in a random sample in the out-patients 
department. This bias was accentuated by the fact that many patients were referred 
only when routine treatment had failed, and it must be assumed that if such treatment 
had been successful the patient would not have been seen. 

At the first attendance the patients were venesected and a Mantoux test and complete 
blood count were carried out; on subsequent visits other investigations, such as aqueous 
puncture, were made in selected cases. Further investigations of the blood were Wasser- 
mann and Kahn reactions, gonococcal complement-fixation test, and complement fixation 
and cytoplasm modifying dye tests for toxoplasmosis. On the first one hundred cases 
Middlebrook-Dubos tests for tuberculosis were carried out, but these were later dis- 
continued and replaced by Brucella agglutinations and anti-streptolysin “‘O” assays. In 
general the technique employed for the anti-streptolysin assays was that of Ipsen (1944) 
and all assays were controlled against standard sera supplied by the State Serum Institute, 
Copenhagen. 

After the investigations were complete, the cases were categorized according to the 
clinical findings as anterior, posterior, or pan-uveitis. Seventeen cases which could not 
be satisfactorily classified under these headings were grouped as “‘ Others ”. 


Results and Discussion 


(1) General Considerations.—The total number of patients referred was 200 
(106 females and 94 males); these have been classified by age, sex, and 
clinical category in Table I (opposite). 

From the analysis of the series in Table I two interesting points emerge: 
first, a significantly greater incidence of anterior uveitis in females (female/ 
male ratio 59/43=1-35), and secondly, an apparently earlier onset of 
posterior uveitis in males than in females (of seventeen male cases, six were 
under 20 years and a further six were between 20 and 29; of sixteen female 
cases, only three were under 30 years and none was under 20). 
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AETIOLOGY OF UVEITIS 


TABLE I 
CLASSIFICATION BY AGE, SEX, AND CLINICAL CATEGORY 
































Clinical Age Group 
Category Sex Totals 
0/9 | 10/19 | 20/29 | 30/39 | 40/49 | 50/59 | 60+ 
Anterior ... M 0 1 5 12 13 9 3 43 
F 1 6 15 14 13 7 3 59 
M 1 5 6 2 3 0 0 17 
| Posterior 
F 0 0 3 8 4 1 0 16 
M 0 3 5 7 5 2 2 24 
Pan-uveitis 
F 0 1 3 9 6 4 1 24 
M 0 2 3 3 1 1 0 10 
Others 
F 0 2 4 0 0 1 0 7 
































It is, of course, possible that both these points are merely artefacts 
due to the small number of patients in each group and to the fact that the 
series as a whole does not represent, for reasons previously discussed, a true 
random sample of uveitis cases. It would, therefore, be unwise to reach 
any firm conclusions upon questions of age, onset, and sex ratio from our 
figures. It is interesting to note, however, that a higher incidence of anterior 
uveitis in females has also been reported by other investigators. Sorsby 
(1950), in a statistical survey of causes of blindness in England and Wales, 
reported a female/male ratio of 4:2/2:7=1-55 for iritis and iridocyclitis. 
Miiller (1950) found a predominance of anterior uveitis in females, and also 
noted that posterior uveitis was more common in the male, with no sex 
differentiation in pan-uveitis. 

In the whole of our series ten cases (5 per cent.) were under 16 years of 
age, a similar incidence to that of Kimura and others (1954), who found 
5-8 per cent. under 16 years in 810 cases, but higher than that of Blegvad 
(1941), who found 2-2 per cent. under 15 years of age in 896 cases. 


2(a) Wassermann and Kahn Reactions.—None of the 200 cases had a 
positive Wassermann or Kahn reaction. 


2(b) Gonococcal Complement-Fixation Test.—In only two cases in our 
series was the test positive and in neither instance was a history of venereal 
disease obtained. The first case was an acute uniocular iritis in which 
gonorrhoea was thought to be a possible cause. The second was a slowly 
progressive uveitis commencing in the left eye and affecting the right eye 
3 months later. Vision was slowly lost, but at no stage was there an acute 
infection and clinical opinion was against a diagnosis of gonococcal uveitis. 
There is considerable doubt as to the value of this test and frequently repeated 
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results may show a change from positive to negative without any treatment. 
For this reason it would probably be unwise to regard the Gonococcal 
Complement-fixation Test as diagnostic in the absence of other evidence 
of the disease. 

Thus in none of our cases could the uveitis be ascribed with certainty to 
either syphilis or gonorrhoea; it would appear that during recent years there 
has been a yet further decline in the importance of venereal infection in the 
causation of uveitis in Great Britain. 


3(a) Middlebrook-Dubos Test.—This was carried out on the first hundred 
patients and was positive in thirteen cases. Active extra-ocular tuberculosis 
was present in only one of these patients, whereas in two with old treated 
pulmonary tuberculosis (one with tuberculous adenitis and one with lupus 
vulgaris) the test was negative. The results bore no relation to a Clinical 
diagnosis of tuberculous uveitis, and, furthermore, a control group of one 
hundred cases showed a similar incidence of positive results. The Middle- 
brook-Dubos test has, therefore, proved to be of no value in our hands and 
we have not confirmed the suggestion of Brodhage (1951) and Fine and 
-Flocks (1953) that the test assists in 











savin eu venga a the diagnosis of uveitis. Nor is this 
AGE GROUP surprising, for other serologists have 

found the test unreliable in the 

Age Group | Positive | Negative diagnosis of systemic tuberculous 
infection (Kirby and others, 1951). 


0-9 | 2 
10-19 11 (58 per cent.) 
20-29 32 (84 per cent.) 
30-39 45 (90 per cent.) 
40-49 40 (92-5 per cent.) 
50-59 21 (84 per cent.) 
60+ 6 (75 per cent.) 


3(b) Mantoux Test.—The results 
are shown in Table II by age group 
and in Table III by clinical category. 


In general, these figures, both as 
regards the percentage positive in 
the whole group and in the various groups, follow closely those to be expected 
in the population at large (McDougall, 1949). Table III shows, however, 
that high cutaneous sensitivity appears to be more frequent in those patients 
with anterior than in those with posterior uveitis. 


TABLE III 
RESULTS OF MANTOUX TESTS BY CLINICAL CATEGORY 


NAWUACO 



































; Percentage Positive at each Total Total 
Clinical Concentration of P.P.D. Percentage | Percentage 
Category Positive Negative 
0-00002 mg. | 0-0002 mg. | 0-002 mg. 
Anterior es ao 60 19 9-5 88-5 11-5 
Posterior mes ees 42 17 24 83 17 
Pan-uveitis .. = ...| 5 13-5 19 | 83-5 16°5 
Others tigate 50 25 18-75 | 93-75 6-25 
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No other factors were found which would relate either the Mantoux or 
the Middlebrook-Dubos test to ocular pathology, and our survey failed 
to provide any laboratory criteria for the diagnosis of tuberculosis. The 
chief, if not the only, value of the Mantoux test in our cases was in 
excluding tuberculosis, particularly in the younger age groups, and in 
demonstrating anergy to tuberculo-protein in sarcoidosis. 


(4) Blood Counts.—A normal blood count was the rule and the occasional 
abnormalities are discussed under each type of estimation. 


(a) Haemoglobin Level.—In twelve cases this was below 80 per cent. (Haldane) 
and was considered abnormal; in three it was below 60 per cent. and was 
causing symptoms. Nine of the twelve cases and all three cases below 60 per 
cent. were in women. In every case the anaemia was of a simple iron deficiency 
type and over the whole series the average female haemoglobin was 10 per cent. 
lower than that of the male. No relationship could be found between the uveitis 
and the haemoglobin level; although six of the twelve anaemias were found in 
cases of anterior uveitis there was no apparent correlation between the two 
conditions, nor was the general haemoglobin level in the whole group of anterior 
uveitis cases lower than in any other group. 


(b) Total White Count——Twelve counts showed more than 12,000 white cells 
per cu. mm.; these were spread equally in males and females, five being in anterior 
uveitis, one in posterior uveitis and six in total uveitis. 

(c) Polymorphonuclear Leucocytosis.—This was considered to be present if there 
were more than 7,000 per cu. mm. There were thirteen such cases and in ten of 
these infections could be found as follows: 

(i) Two with a positive gonococcal complement-fixation test. 

(ii) Three with staphylococcal infections. 

(iii) One with active pulmonary tuberculosis. 

(iv) One with Behcet’s disease with an acute hypopyon at the time of the count. 
(v) One with laryngitis. 

(vi) One with septic teeth. 

(vii) One with active toxoplasmosis. 

(d) Eosinophils—An eosinophilia was considered to be present if there were 
more than 350 eosinophils percu.mm. This was found in seven cases, three with 
anterior uveitis, three with posterior uveitis, and one with pan-uveitis. Of these 
seven cases, that with pan-uveitis had received para-aminosalicylic acid therapy 
and this probably accounted for an eosinophilia of 880 per cu. mm. One of the 
patients with anterior uveitis was a small boy who had had one eye removed 
previously for the same disease; no aetiological diagnosis could be made on either 
clinical or histological grounds. The remaining five patients all possessed toxo- 
plasma antibodies in their serum and two also had a monocytosis. The toxoplasma 
antibodies may well be significant in view of the recently described eosinophilia 
that may be found in certain cases of glandular fever syndrome from which 
toxoplasma have been isolated. 

(e) Monocytes.—In twenty cases the monocyte count rose above an absolute 
value of 550 per cu. mm., which is usually taken as the upper limit of normality, 
but no relationship could be found between monocytosis and any other factor. 
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(f) Lymphocytosis—No cases were found in which there was an absolute 
lymphocytosis unless there was a concomitant rise in neutrophils and no import- 
ance could be attached to these findings. 


(5) Brucella Agglutinations.—Serum agglutinations were set up against 
standard suspensions of Brucella abortus and B. meiitensis. Living organ- 
isms were not used. The test was performed at 56°C. and read after standing 
at 4°C. overnight; 103 cases were tested in this way with two positive results. 

One patient with anterior uveitis agglutinated B. abortus to a titre of 1/40 
but a positive titre at this level is of doubtful value. Examination of 
Wassermann sera in Great Britain showed that about 1-5 per cent. agglu- 
tinated B. abortus to a titre of 1/40 or over, so that neither the titre level 
nor the incidence of this positive case differs from that to be expected in 
the population at large. 

In the second case a melitensis suspension was agglutinated to the same 
titre; as this patient was a Cypriot with proven Behcet’s syndrome, there 
seems no reason to doubt that this was an incidental finding related to an 
old infection. 

The findings do not therefore suggest that brucella infection plays an 
important role in uveitis in Great Britain. On the other hand, its significance 
may be less negligible than it at first appears, for our series of cases is small, 
skin testing with brucellin or brucellergen was not carried out, and the 
agglutination test is known to be not infrequently negative in proved cases 
of brucellosis. Thus Barrett and Rickards (1953) found negative results in 
seven of 25 cases. 

In future we propose to carry out intradermal tests as a routine in addition 
to agglutination tests before and after the skin test, in order to assess the 
frequency of chronic brucellosis more completely, but it is not expected to 
be as important an aetiological factor as was suggested by Foggitt (1954) or 
as has been found in America (Guyton and Woods, 1941). 


(6) Toxoplasmosis.—The tests used were the cytoplasm modifying test and 
the complement-fixation test; no routine skin testing was performed. 
Toxoplasma tests were performed in 198 of our two hundred cases, sero- 
logical evidence of infection was found in 87 (43-9 per cent.) of these. The 
positive results, irrespective of titre levels, are analysed by site of uveitis in 
Table IV (opposite). 

In the dye test, toxoplasma antibodies in titres of 1/4 or more are accepted 
as evidence of infection and in Great Britain one can expect positive results 
in 25 per cent. of the “ normal” population (Beverley and others, 1954). 
Table IV shows that in all groups of uveitis the incidence was above this 
figure, being most significantly raised in the posterior uveitis group (67-7 
per cent.). 

In the complement-fixation test there is some doubt as to the significance 
of low titres, but several workers have studied the “ normal ” incidence of 
positive results. In Great Britain, using normal adult serum, Cathie and 








Q asd ten! ttt het!” 6S 


— Fy ee ee 


Ss =o 








solute 
nport- 


Zainst 
rgan- 
nding 
sults. 
1/40 
mn of 
gglu- 

level 
od in 


same 
there 
‘oO an 


Ss an 
ance 
mall, 
| the 
>ases 
ts in 


ition 
} the 
d to 
1) or 


and 
ned. 
ero- 
The 
is in 


ted 
ults 
54). 
this 
97°71 


nce 
> of 
and 








AETIOLOGY OF UVEITIS 


TABLE IV 
POSITIVE TOXOPLASMA RESULTS BY CLINICAL CATEGORY 




















Clinical Dye Test Complement-Fixation Test 
Category No. 
Positive Per cent. Positive Per cent. 
Anterior ae en 102 40 39-2 8 7°84 
Posterior zige kee 31 21 67:7 9 28-2 
Pan-uveitis ... seig 48 19 39-6 7 14-6 
Others suk no 17 7 41-1 4 22:2 




















Dudgeon (1949) found 1-5 per cent. positive between 1/4 and 1/6, 
MacDonald (1950) found 5 per cent. positive at titres of 1/10 or more, and 
Beverley and others (1954) found 1-3 per cent. positive at titres between 
1/5 and 1/10. Thus it would appear that, for titres of 1/10 and under, the 
“ normal ” incidence of positive results is unlikely to exceed 5 per cent. and 
is probably even lower. In none of our two-hundred patients was the titre 
positive above 1/16, and in only two did it rise above 1/8, so that the titres 
fell within the “‘ normal” range, but our figures in Table IV show a high 
incidence of positive results in all groups as compared with these figures, and 
once again this is particularly evident in the posterior uveitis group (28-2 
per cent.). 

It has been suggested that a positive complement-fixation test is an index 
of activity (Cathie, 1954), so that, in considering localized ocular lesions, it 
may be that the combination of a positive dye test and complement-fixation 
test, even although within “ normal limits”, is 
of greater significance in assessing activity than TABLE IVA 
a dye test alone. Whether this is true or not, tora Cor EMENT. 
it is interesting to note that, if the cases with FIXATION TEST 
positive results in both tests are removed from 




















Table IV, then the remaining percentages of cases Category | percentage 
with a positive dye test alone (Table IVa) are Positive 
found to approximate to the “normal” figure ~\rieror .. | 32-3 
of 25 per cent. = 

In Table IV the incidence of positive com- Posterior ... | 380 
plement-fixation tests is shown to be lowest in _Pan-uveitis 25-0 
anterior uveitis and relatively high in all other “Oa. | W6 


groups. On referring back to the clinical his- 
tories, however, it was found that three cases of 
pan-uveitis were posterior in origin, and that two began with localized 
choroidal foci. If these three cases are reclassified as posterior uveitis then 
the relevant part of Table IV may be revised as in Table IVB, thus showing 
that pan-uveitis had in fact an incidence closely comparable to that of the 
anterior group (7:84 per cent.) and revealing an even more significantly 
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TABLE IVs high figure in cases of posterior 

MODIFIED SECTION OF TABLE IV uveitis. 
The figures for the group 
Category Complement-Fixation Test composed of ‘“ other condi- 
Percentage Positive tions” occupy an intermediate 
Posterior tee aes 34:3 position in Table IV, but since 





heeeis so | 9 this group contains only small 

numbers of any one disease it 
is difficult to interpret the find- 
ings. It is of interest, however, that three of the positives were cases of 
Eales’s disease and that in each of these both the dye test and the complement- 
fixation test were positive. We would suggest, therefore, that it might be 
of value to investigate further the possible role of toxoplasma as one of the 
aetiological agents in this obscure disorder. 

The recognition of the importance of toxoplasmosis in ocular disease is 
a recent development; its role in congenital chorioretinitis is already fully 
appreciated, but in acquired uveitis, although recent papers have shown that 
it is known to be of importance (Wilder, 1952; Hogan and others, 1952; 
Duke-Elder and others, 1953; Woods and others, 1954; Jacobs and others, 
1954a), its exact role is much more difficult to assess. In some previous 
surveys, for instance, it has been the custom to accept positive serology as 
evidence of infection only when the titres were above those found in the 
“normal” community. Thus Feldman (1952) and Woods and others 
(1954) based their analyses on such figures, but it has since been shown 
conclusively that viable toxoplasma may exist in the eye without stimulating 
the production of high levels of antibody (Jacobs and others, 1954b), or 
that if high titres are produced they may fall rapidly to “ insignificant ” 
levels (Ashton, 1954b), so that we can no longer insist upon titres of either 
the dye test or the complement-fixation test being above or below an arbitrary 
level to confirm or exclude the disease. The high percentage of positive 
results (67:7 per cent. dye test) obtained in our posterior uveitis group 
accords with the findings of Hogan and others (1952); furthermore, in our 
study, when the number of positive cases over and above the number to be 
expected in a control group was estimated, it was found to be as high as 
25 per cent. of the whole group of cases of posterior uveitis. We feel, 
therefore, that, although the titre levels are not diagnostic in individual cases, 
they do show a striking association between toxoplasma infection and 
posterior uveitis, thus confirming the report of Woods and others (1954). 

It is difficult to believe that this association is not aetiologically significant. 
In the future, when toxoplasma can be isolated more readily from cases of 
uveitis, and when specific therapy becomes available, the true explanation of 
this relationship should become apparent. At the present time it can only 
be said that toxoplasmosis appears to be a major aetiological factor in 
acquired posterior uveitis; the low serum antibody levels, even in the 
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presence of active lesions, warn us that the problem of toxoplasmosis in 
ocular disease may be a very different one from that in systemic infection. 

There is already evidence to show that the eye may behave as a separate 
unit, both in such allergic reactions as tuberculosis (wherein the degree of 
ocular sensitivity may not necessarily parallel that of cutaneous sensitivity; 
Woods, 1947), and in such immunological reactions as leptospiral uveitis 
(in which specific antibody may be locally produced and give rise to aqueous 
levels exceeding those in the serum; Goldmann and Witmer, 1954). 

It is conceivable, therefore, that small localized lesions within the scleral 
envelope may react quite differently from extra-ocular foci and cannot 
always be assessed by the same serological criteria. Hence, although 
certain serological criteria, such as a high titre, a rising titre, or a negative 
result, are essential to establish or exclude the diagnosis of toxoplasmosis 
in a given case of uveitis, low titres by no means exclude toxoplasmosis as 
the cause of the uveitis. 


(7) Anti-streptolysin Assays.—Since the original observations of Schéne and 
Steen (1951) that acute iritis may be associated with a significant increase in 
the antihaemolysin titres of the patient’s serum, a similar report has been 
made by Leopold and Dickinson (1954). Analysis of our own cases also~ 
shows that in the anterior uveitis and “ other” groups there were more 
positive results than in the groups of posterior uveitis and pan-uveitis, but 
the numbers in each group are too small to be of much significance. To 
overcome this difficulty, sera from 89 cases of anterior uveitis sent in for 
Wassermann reactions were compared with a similar group of sera from 
106 ophthalmic patients without anterior uveitis, thus providing sufficiently 
large numbers for statistical analysis. The results are shown in Table V. 
TABLE V 


ANTI-STREPTOLYSIN TITRES AND ANTERIOR UVEITIS 





Anti-streptolysin Titres (Units) 




















Anterior Uveitis | 
12 50 100 166 | 250+ | = 
hak? a 30 22 Bp ee Ee © 
el 35 26 7 2 | 106 
Total Cases w | 52 | 65 48 22 8 195 

















In Table V some of the groups are too small for statistical analysis and to 
overcome this the total number of cases with titres above 100, which is 
usually taken as the approximate upper limit of normality, may be compared 
with the number of cases with titres of 50 and below. Such an analysis 
shows that in the anterior uveitis group there are significantly more cases 
with a titre of over 100 (21 as compared with 9) and less with a titre of 50 
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and under than in the control group (46 as compared with 71). Such a 
finding might occur by chance once in a hundred similar groups, i.e. 
P=0-01. 

This statistically significant relationship between anti-streptolysin titres 
and uveitis is in harmony with the findings in similar studies by Schéne and 
Steen (1951) and Leopold and Dickinson (1954), and closely corresponds to 
the titres associated with rheumatic carditis (Coburn and Pauli, 1932, 1935) 
in which the role of the streptococcus is more surely established. We are 
in agreement with the observation of Bjérk (1947) that no single titre can at 
present be considered of diagnostic value in any individual case of uveitis. 

‘Our own study, however, shows in addition that the incidence of raised 
antistreptolysin titres is almost exclusively confined to the anterior uveitis 
group. As is well known, the presence of antistreptolysins in the sera 
indicates no more than a previous streptococcal infection, and gives no 
information of the degree of streptococcal hypersensitivity; nevertheless, 
the higher titres obtained in the group of anterior uveitis support the con- 
tention of Woods (1949a) that “ non-granulomatous ” uveitis—which is 
predominantly anterior—may not infrequently be due to an underlying 
streptococcal hypersensitivity. It will be recalled that Woods (1954) found 
a specific hypersensitivity to various strains of streptoccoci in 89 per cent. of 
patients with an allergic type of uveitis, whereas such sensitivity had a 
** normal ” incidence of 20 per cent. in patients with infective uveitis. 

There is, therefore, good reason to suppose that a certain proportion of 
these cases is associated with streptococcal infection. Unfortunately here 
again the diagnosis of an individual case is a matter of great difficulty and 
at the present time the multiple skin-testing method advocated by Woods 
appears to offer the most promising line of investigation. It is well to 
remember, however, that, even with the 42 separate strains he recommends, 
we are dealing with only a fraction of the possible variants of the strepto- 
coccus and that, moreover, we are completely ignoring the possible role of 
organisms other than the streptococcus. 

In conclusion, it is clear that the laboratory investigations carried out on 
our series of two hundred cases of uveitis gave little assistance in establishing 
the cause of the condition in individual cases. In not more than 10 per cent. 
was a certain pathological diagnosis established and in a large percentage— 
probably of about 40-50 per cent.—we obtained no indication of the possible 
nature of the disease. On the other hand, when the findings were grouped 
and considered in relation to the site of the lesion, a striking association 
between anterior uveitis and streptococcal infection, and between posterior 
uveitis and toxoplasma infection was revealed. In the future much valuable 
information may be acquired by investigating these two apparently important 
causative agents, particularly with regard to the treatment of toxoplasmosis; 
when a completely effective protozoacide is discovered, an important 
advance in uveitis therapy may possibly ensue. 
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Summary 


(1) The laboratory findings in a series of two hundred cases of uveitis 
have been studied and an attempt has been made to relate the results to the 
anatomical site of the lesion, e.g. anterior, posterior, or pan-uveitis. 


(2) The main positive findings were these: 


(a) There was a higher incidence of anterior uveitis in females and an earlier 
onset of posterior uveitis in males. 


(b) High cutaneous sensitivity to tuberculo-protein appeared to be more 
frequent in patients with anterior uveitis than in those with posterior uveitis. 


(c) Comparison of the serological findings in uveitis with the findings in 
control groups showed a striking association between toxoplasma infection and 
posterior uveitis, and between raised antistreptolysin titres and anterior uveitis. 


(3) The chief negative findings were these: 


(a) Apart from eosinophilia, as a possible indication of toxoplasmosis, the 
blood counts gave little information of value. 


(b) In our hands the Middlebrook-Dubos tests proved of no diagnostic 
assistance, and the Mantoux tests, apart from excluding tuberculosis in the 
younger age groups and in demonstrating anergy to tuberculo-protein in cases of 
sarcoidosis, were of little use. 


(c) No case in the whole series could be attributed to syphilis, gonorrhoea, 
or brucellosis. 


(4) The findings are discussed and it is pointed out that, while the labora- 
tory investigations employed were of very limited value in establishing a 
pathological diagnosis in individual cases, the possible roles of causative 
agents, such as toxoplasma and streptococci, became evident when the 
findings were considered as a whole and compared with control groups of 
cases without uveitis. 


We are indebted to the Clinicians of the Moorfields Westminster and Central Eye Hospital for 
referring their cases to the special clinic, and we should particularly like to thank Prof. C. P. 
Beattie and Dr. J. K. A. Beverley for carrying out the toxoplasma tests and Dr. A. F. Mohun, 
Dr. E. M. R. Till, and Dr. R. W. Riddell who kindly carried out numerous other investigations 
on our behalf. To Mr. A. Bright and Mr. I. Barnett we are indebted for technical assistance 
and to Miss E. FitzGerald for clerical help. 
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TREATMENT OF SUPERFICIAL OCULAR INFECTION 
WITH A POLYMYXIN-BACITRACIN OINTMENT 
(POLYFAX)*t+ 
BY 


D. AINSLIE 
Institute of Ophthalmology, University of London 


SUPERFICIAL ocular infections, for example blepharitis, are better treated 


by local applications than by systemic therapy. Local applications of 
antibiotic and chemotherapeutic agents are also of value in reducing the 
incidence of infection after corneal injury. Sulphacetamide is most com- 
monly used but, although its value in the prevention of corneal infection 
is well established (Cameron, 1949), it is active only against a limited range 
of organisms. Ps. pyocyaneus in particular tends to be resistant to sulph- 
acetamide. Penicillin too is of limited value, being effective only against 
Gram-positive and coccal organisms, and liable to induce allergic responses. 
Chloromycetin, aureomycin, and terramycin fail to provide full cover against 
Ps. pyocyaneus. 

In the treatment of infection the ideal procedure is to discover the causative 
organism by bacteriological examination, so that the most suitable antibiotic 
may be chosen. This ideal is, however, seldom possible in practice outside 
hospital, and a topical application active against a large range of organisms 
and likely to be effective when used empirically is desirable. Indeed, in all 
cases treatment will have to be started without bacteriological confirmation 
of the type of infection as it is not justifiable to delay while awaiting the 
result of culture. Further, the wider the range of antibacterial activity, the 
greater the value as a prophylactic against wound infection. 

The perfect antibiotic preparation would be lethal to all ocular pathogens, 
and sensitive organisms would not be able to develop resistance. In addition 
a topical application must be non-irritant when applied to the eye and must 
not give rise to allergic reactions. It is not yet possible to fulfill all these 
conditions, but the antibiotics bacitracin and polymyxin used together 
satisfy most of them. 

Bacitracin and polymyxin are both polypeptides and are extracted from 
products of growth of the B. licheniformis and B. polymyxa respectively 
(Finland and Wright, 1953). Bacitracin is effective against Gram-positive 
organisms and the Gram-negative cocci and has therefore a range very 
similar to that of penicillin. Polymyxin is active against the Gram-negative 
bacilli including the Ps. pyocyaneus. As there is no antagonistic action 
between the two antibiotics, they together cover the whole range of pyogenic 
organisms commonly causing eye infection. 

Both bacitracin and polymyxin are suitable for topical application but 
have disadvantages when given systemically. Bacitracin is highly nephro- 
toxic (Finland and Wright, 1953), and save in exceptional circumstances 


*Received for publication June 14, 1955. 
+The ointment used throughout was Polyfax Brand polymyxin-bacitracin ointment, supplied by the Wellcome 
Research Foundation. 
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is unsuitable for systemic therapy. Polymyxin is less toxic and may 
be given systemically if used with caution, but is however liable to produce 
neurotoxic side-effects (Kagan and others, 1951). As there is now such 
a wide choice of antibiotics, it is good practice to use those which are toxic 
when given systemically for topical application wherever possible, reserving 
those more suitable for systemic therapy for this purpose. Susceptible 
organisms rarely develop resistance to polymyxin either in vivo or in vitro 
(Jawetz and Coleman, 1949; Pulaski and others, 1949). Bacterial resistance to 
bacitracin can be increased in vitro by successive subculture of the organism 
in media containing sublethal concentrations of the antibiotic, but resistance 
is developed with difficulty (Gezon and others, 1950). 

Ointment containing bacitracin and polymyxin has been used in the treat- 
ment of skin infections. Kile and others (1953) reported 459 cases, most of 
which responded well to the treatment. They used ointment consisting 
of 400 units bacitracin and 10,000 units polymyxin “B” per gramme of 
petrolatum. This anhydrous base ensured stability. An identical oint- 
ment was used in the trials described below. 


Use OF POLYMYXIN-BACITRACIN OINTMENT IN OPHTHALMOLOGY 
BACTERIOLOGICAL PROPERTIES 


A simple qualitative illustration of the range of activity in vitro of ointments 
containing bacitracin, polymyxin, and a mixture of the two is given in Figs 1-3. 


Ps. pyocyaneus 
Staph. aureus 


B. coli 


Ps. pyocyaneus 


Strep. haemolyticus 
Diphtheroid 


Staph. aureus 


Staph. aureus 





Fic. 1.—Bacitracin ointment, 400 units/g. Growths of Gram-positive organisms, 
staphylocci, streptococci, and diphtheroids inhibited. Gram-negative bacilli Ps. 
pyocyaneus and B. coli not inhibited. The two strains of Ps. pyocyaneus have 
even invaded the groove containing bacitracin. 
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Ps. pyocyaneus 


Staph. aureus 


B. coli 
Ps. pyocyaneus 


Strep. haemolyticus 
Diphtheroid 


Staph. aureus 


Staph. aureus 





Fic. 2.—Polymyxin “ B” ointment, 10,000 units/g. Growths of Gram-positive 
organisms not inhibited or inhibited to a very small extent. Gram-negative bacilli 


inhibited. 


Ps. pyocyaneus 
Staph. aureus 


B. coli 
Ps. pyocyaneus 
Strep. haemolyticus 


Diphtheroid 


Staph. aureus 


Staph. aureus 





Fic. 3.—Bacitracin—polymyxin “‘ B ” ointment, 400 and 10,000 units/g. Growths 
of both Gram-positive organisms and Gram-negative bacilli inhibited. 
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In each case the ointment was applied to a groove in an agar plate seeded with 
test organisms all originally cultured from eye infections. The three plates were 
inoculated at the same time from broth cultures of the various organisms. The 
photographs were taken after 24 hrs’ incubation at 39°C. The complementary 
nature of the two antibiotics is well shown in Fig. 3; the mixture is seen to inhibit 
the growth of both Gram-positive and Gram-negative organisms. 


EXPERIMENTAL Ps. PyocyAaneus INFECTION OF THE CORNEA.—The value of poly- 
myxin given by subconjunctival injection in the treatment of established Ps. pyocya- 
neus infection of the cornea, both experimentally induced and occurring in clinical 
practice, has already been demonstrated (Ainslie and Smith, 1952; Ainslie, 1953). 

The local application of an ointment to the conjunctival sac could not be ex- 
pected to cure established infection due to so virulent an organism. It was, 
however, decided to assess its efficacy as a prophylactic against the infection of 
corneal abrasions. 

A circular area 5 mm. in diameter in the centre of the right cornea of each of 
forty rabbits was scarified, and a drop from a 24-hr broth culutre of Ps. pyocyaneus 
was applied to the wound. In 23 cases polymyxin-bacitracin ointment was then 
instilled into the conjunctival sac and the lids were closed. The ointment was 
reapplied three times daily for 3 days. In seventeen rabbits no treatment was 
given. In sixteen of the untreated cases, infection became established and pro- 
gressed rapidly to involve the whole cornea in from 24 to 48 hours. Of the treated 
cases fifteen remained uninfected, slight infection which cleared within 3 days 
occurred in six, and in two infection was severe and continued to progress despite 
treatment. 


EXPERIMENTAL STAPHYLOCOCCUS AUREUS INFECTION.—An attempt was then made 
to assess the value of,the bacitracin-polymyxin ointment as.a prophylactic against 
Staphylococcus aureus infection. It was impossible to produce a reliable infection 
in the way found suitable when using Ps. pyocyaneus as the infecting organism. The 
application of a drop from a 24-hr broth culture of Staph. aureus to the scarified 
cornea would only produce infection in about 25 per cent. of cases. 

Reasonably satisfactory infection could, however, be established by the follow- 
ing method: 


0-03 ml. of a 24 hr broth culture of Staph. aureus was injected intracorneally. This 
raised a bleb consisting of the superficial layers of the cornea. The raised portion of the 
cornea was scarified down to the encysted fluid. 

The right corneae of 46 rabbits were injected and scarified; 21 were left as controls, 
and sixteen of these became heavily infected, the remainder showing either no infection 
or slight infection which subsided spontaneously ; 25 corneae were treated with bacitracin- 
polymyxin ointment applied to the conjunctival sac after the corneal scarification. The 
ointment was reapplied three times daily for 3 days. In nine instances there was no 
infection, in twelve there was slight infection subsiding within 2 to 3 days, and in four 
marked progressive infection occurred. The results were not as conclusive as in the 
series using Ps. pyocyaneus, mainly because of the difficulty of producing a satisfactory 
staphylococcal corneal infection. A further difficulty which makes the results less 
definite is the tendency for staphyloccal infection of the cornea in rabbits to resolve 
spontaneously. Infection in the treated cases was, however, significantly less than in 


the untreated. 
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with 
leere CLINICAL TRIALS 
The Blepharitis—In 33 cases of ulcerative blepharitis, bacitracin-polymyxin 
atary ointment was applied to the lids four times daily for the first week of treatment 
hibit and then twice daily for a further 2 to 3 weeks. In addition, saline lotion was 
used to help in the removal of crusts and discharge from the lid margins. 
poly- In 24 patients symptoms and signs disappeared completely. They have 
rcya- remained symptom-free for from 3 to 6 months without further treatment. 
nical In six cases recurrence followed the cessation of treatment but further treat- 
953). ment has kept the condition under control. One case improved initially 
2 ex- and then relapsed, and further therapy brought no benefit. Two cases did 
was, not respond at all. 
n of Before treatment was started cultures were taken from the lid margins in 
each case. Staphylococcus aureus was grown from seventeen cases, Koch- 
h of Weeks bacillus from three, Staphyloccus albus from three, B. xerosis from 
neus three, and B. coli from one; no growth was obtained in six instances. Of 
then the two cases which failed to improve, one had produced a growth of 
_— Staph. aureus and one had produced no growth. The persistently recurrent 
“— case had produced a growth of B. xerosis only. Of the six other cases which 
vid recurred but nevertheless responded to further treatment, four had given a 
days growth of Staph. aureus, one of B. xerosis, and the other no growth. 


pite Corneal Ulceration—Twenty cases of non-specific corneal ulceration 
were treated with bacitracin-polymyxin ointment applied twice daily, and 
in addition atropine drops were instilled daily in all but two cases. Healing 
‘ci occurred rapidly in every case, the period of treatment required being from 
ion 3 to 8 days. No ulcers of specific aetiology such as dendritic ulcers were in- 


The cluded in this series. 


jade 


fied Corneal Injury.—In 123.cases of corneal injury due to embedded foreign 
body (88 cases) and abrasions (35 cases) the ointment was used as a prophy- 
oW- laxis against infection. An application to the conjunctival sac was made at 
the patient’s first attendance. Twice daily applications were made until 
his healing was complete, which took from 1 to 8 days. In the more severe 
the cases atropine drops were applied in addition. 

Of the 123 cases so treated, 115 healed uneventfully; in eight a moderate 
ols, degree of corneal infiltration occurred but settled within a few days; in the 
Pe remaining five infiltration was more severe and carbolization was required. 
rhe After this procedure and continuous treatment with the ointment healing 
no was rapid. Nebula formation was minimal in all cases. 
yur : 
che In the total number of cases treated (176) there was no allergic response, 
ry though in nine instances the patients complained of slight irritation after 
> applying the ointment. Five of the cases of blepharitis treated had given a 
lve . : ; 
history of an allergic response to previous treatments but showed no such 


in 


response when treated with polymyxin and bacitracin. 
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Conclusions.—It is not claimed that the results of this series of cases in- 
dicate that bacitracin-polymyxin ointment applied locally to the eye is necess- 
arily superior to other forms of antibiotic therapy. The results show, how- 
ever, that it is a practical method of treatment and that when used empirically 
good results are to be expected in the treatment of superficial ocular infections 
and in the prophylaxis against wound infection. Furthermore, use is made 
of two antibiotics essentially suitable for local application even though they 
are not entirely satisfactory when given parenterally. Those antibiotics with 
a very low toxicity when given systemically could well be reserved for this 
method of administration. 


SUMMARY 


(1) An antibiotic ointment containing bacitracin and polymyxin suitable 
for ophthalmic use is described. 

(2) The range of activity of the ointment covers all pyogenic organisms 
likely to infect the eye. 


(3) Increase in resistance of sensitive organisms to polymyxin and to 
bacitracin rarely occurs. 


(4) The ointment is non-irritant when applied to the eyelids and con- 
junctival sac and no allergic response occurred in any of the cases treated. 


(5) It is suggested that antibiotics such as bacitracin and polymyxin should 
be used for local application wherever possible allowing antibiotics more 
Suitable for systemic therapy to be reserved for this purpose. 


(6) The ointment has been found effective in the treatment of blepharitis 
and corneal ulceration. It also appears to be useful as a prophylactic 
agent against ocular wound infection. 


My thanks are due to the surgeons of the Moorfields and Westminster Central Eye Hospital 
who referred cases to me for treatment, and to Sir Stewart Duke-Elder for his assistance and 
advice. It is a pleasure to acknowledge the help of Dr. Charles Smith of the Institute of Ophthal- 
mology who prepared the plates depicted in Figs 1-3. 

The photographs were taken by the Medical Illustration Department at the Institute of 
Ophthalmology. 
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CASE NOTES 


SEVERE VITREOUS HAEMORRHAGE IN A 
PREMATURE INFANT* 


BY 


W. J. NAUNTON anp R. M. FORRESTER 
From the Departments of Ophthalmology and Child Health, University of Manchester 


SMALL intra-ocular haemorrhages have frequently been described in newborn 
infants. The following case of severe vitreous haemorrhage presents several 
unusual features. It was observed during the routine examination of the 
eyes of premature infants. 


Case Report 


A male infant was born on May 8, 1954, after a gestation period of 36 weeks. His 
mother, a primigravida aged 25, had a mild degree of pre-eclamptic toxaemia. The onset 
of labour was spontaneous: the presentation was a vertex. The first stage lasted 6} 
hours and the second stage 15 minutes. There was some delay in delivery of the head, 
and while an episiotomy was being done, the mother had an eclamptic fit which lasted for 
about 2 minutes. The head was delivered but it was impossible to deliver the shoulders 
until the tonic spasm relaxed, and during this period there was intense constriction of the 
infant’s neck. After the fit had ceased, delivery was completed normally. The infant 
appeared in good condition and respiration was established without difficulty. 

Oxygen was not given and the neonatal period was uneventful. There were no sub- 
conjunctival haemorrhages, nor was there any other evidence of the intense venous 
congestion that had occurred. 

Ophthalmic examination was first carried out on the 9th day of life. The pupils did 
not dilate well with 1 per cent. homatropine and 2} per cent. phenylephrine, and the 
following observations were made after a very limited examination: 

The right fundus appeared normal; the left fundus showed a hazy vitreous with congested 
retinal vessels. 

In view of the possibility of retinopathy of prematurity the examination was repeated 
on the 12th day. Dilatation was now more satisfactory and the findings were as follows: 

The right fundus was completely obscured by vitreous opacity; in the left fundus the temporal 
half of the retina was obscured by what appeared to be a vitreous haemorrhage; the vessels were 
normal in the nasal half, but the whole fundus appeared dark. 

On repeating the examination on the 18th day, there was no significant change. 

On the 30th day the findings were as follows: 

The right fundus remained completely obscured, but the density of the opacity appeared to be 


less, and gave a red reflex. The left fundus was now obscured in the major part by vitreous 
haemorrhage. (Only in the lower temporal area was it possible to see the retina, which appeared 
normal). 


From then onwards there was steady absorption; at 6 months the right vitreous appeared 
clear, and the left showed only hazy remnants of vitreous haemorrhage. When the 
patient was 7 months old, Mr. P. L. Blaxter reported: 


This patient was examined under general anaesthesia on December 6, 1954. He has an alter- 
*Received for publication April 29, 1955. $ 


563 











564 W. J. NAUNTON AND R. M. FORRESTER 


nating convergent squint. There is no abnormality in the anterior chamber in either eye and 
both lenses are clear. The right eye is myopic. There are a few opacities in the anterior vitreous 
but it was possible to obtain a clear view of the fundus. Apart from a slight myopic crescent 
round the optic disc no abnormality was seen. The left eye is reer ml but apart from 
one large opacity in the anterior vitreous just behind the lens, the ocular media were perfectly 
clear and I was unable to detect any abnormality in the fundus. 


The infant was slightly retarded in neuromuscular development but at the age of 10 
months he could sit unsupported and used his hands well. His vision was steadily 
improving: he could follow lights and bright objects (well to the left—not so well to the 
right), and reached out to touch objects in a manner quite normal for his age. 


Comment 


There are wide variations in the estimated incidence of intra-ocular 
haemorrhage in the newborn, ranging from 42 per cent. (McKeown, 1941) 
to 2-6 per cent. (Chase and others, 1950). It is generally agreed, however, 
that the incidence is higher in premature infants and after difficult deliveries. 
With two minor exceptions, the reports refer to retinal haemorrhages only. 
Von Hippel (1898) remarked on the occurrence of vitreous haemorrhage in 
the newborn, but had not seen a case himself. Stumpf and Sicherer (1909) 
recorded a case with vitreous haemorrhage and hyphaema: this had occurred 
in an infant who had been severely asphyxiated at birth. It is interesting 
to note that Ehrenfest (1931), in a major review of intra-ocular haemorrhage 
in the newborn, did not find any record of vitreous involvement. 

According to Duke-Elder (1954), vitreous haemorrhages are, in general, 
due to the extension of pre-retinal or intra-retinal haemorrhages which 
burst through the internal limiting membrane. He accepts the idea that 
they are most likely to be mechanical in origin, pressure on the head leading to 
congestion of the cerebral sinuses and through them to the retinal veins. 
This concept would fit the circumstances very well in the case now reported, 
for it will be recalled that the maternal convulsion occurred when the head 
was already delivered. There can be no doubt that the neck was severely 
compressed and the head subjected to intense venous congestion. 

The comparative frequency with which infants are delivered with the cord 
tightly round the neck suggests, at first sight, that cases of vitreous haemor- 
rhage might be expected to occur more frequently. Ehrenfest (1931) how- 
ever, points out that intra-ocular haemorrhage is not common in such 
circumstances. It seems clear that in these cases the cyanosis of the infant 
is due to a cutting off of the placental blood flow by constriction of the 
umbilical vessels, and there is not necessarily that intense constriction of 
the neck which occurred in the case now reported. 

Satisfactory resolution is what might have been expected: vitreous haemor- 
rhages in later life tend to resolve. This case was unusual, however, as the 
blood remained in a compact and concentrated form in the vitreous, whereas 
in the adult the tendency is for it to disperse into a uniform vitreous haze. 
General haziness never occurred in this case, the various parts of the fundus 
being either obscured or completely clear. At one stage of resolution, a 
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thin black streak across the centre of the left vitreous separated a hazy area 
from the remainder which was perfectly clear. 

Despite the striking history of venous obstruction, the development of the 
haemorrhage in this case is not completely explained because the condition 
worsened to a marked degree between examinations on the 9th and 12th 
day, and deteriorated further up to 30 days. The prognosis at that time was 
regarded as poor, but in fact resolution continued from then onwards, and 
at the age of 7 months there appeared to be grounds for giving quite a good 
prognosis for vision. Whether there were intracranial haemorrhages as 
well must remain undecided, but on present evidence the infant appears to be 
making normal progress. 

We are grateful to Dr. June Scudamore for the obstetric details in this case and to Mr. P. L. 


Blaxter for the ophthalmic report. We should like to thank Dr. E. A. Gerrard and Professor 
W. F. Gaisford for permission to publish this case. 
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BILATERAL DISLOCATION OF LENS UNDER COMPLETE 
VOLUNTARY CONTROL IN MARFAN’S SYNDROME 
WITH CARDIOVASCULAR ANOMALY?* 


BY ‘ 
B. K. DAS GUPTA anp R. K. BASU 
From the Department of Ophthalmology, Nilratan Sircar Medical College, Calcutta 


THE syndrome originally described by Marfan (1896) under the name 
‘‘dolichostenomalia” was subsequently called ‘‘Marfan’s syndrome’’, but 
Achard (1902) suggested the term ‘‘arachnodactyly” because of the spider- 
like appearance of the extended fingers. 

Since the orginal description of Marfan, well over 300 cases have been 
recorded in the literature. The condition is characterized by abnormal 
height, absence of subcutaneous fat, poorly developed musculature, long 
slender extremities—particularly the fingers and toes—abnormal extensi- 
bility of the joints with a tendency to contractures, pigeon or funnel-shaped 
chest, kyphosis, scoliosis, winging of scapulae, dolichocephalic skull with 
prominent supra-orbital ridges, high arched palate, malformation of the 
external ear, pes planus, elevation of the patella, and in some instances 
congenital abnormalities of the heart and lungs. 

Piper and Irvine-Jones (1926) first associated the syndrome with congenital 
heart disease. 

*It is now generally accepted that the condition shows a strong hereditary 
tendency affecting both sexes and transmitted as a dominant characteristic. 

Over 60 per cent. of the cases of Marfan’s syndrome reported in the litera- 
ture presented ocular abnormalities, those most frequently found being 
bilateral subluxated lenses, iridodonesis, and a small pupil dilating poorly 
with mydriatics. Anomalies of the lids and lashes, nystagmus, and atrophy 
of the iris stroma were also reported. 

Spontaneous dislocation of the subluxated lens (Takei, 1912, Handmann, 
1914; Wessely, 1919; and others) is probably due to faulty development of 
the zonule. The dislocations occur into either the anterior chamber or the 
vitreous cavity. Sometimes the fibres of the zonule remain attached to the 
lens capsule, in which case they may become much elongated. More 
usually, however, the fibres of the zonule became detached from the lens 
(Maggiore, 1924). 

Lenses dislocated into the vitreous cavity can occasionally be coaxed into 
the anterior chamber by assuming a certain posture and may be imprisoned 
there by contracting the pupil (“‘ wandering ” lens: Duke-Elder, 1940). 

A case of Marfan’s syndrome is here presented in which cardiac disorder 


*This case was demonstrate at aclinical meeting of the Ophthalmological Society of Bengal on March 31, 1955. 
+ Received for publication April 12, 1955. 
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was associated with dislocation of the lenses which could be voluntarily 
moved into either the anterior or posterior chamber. 


Case Report 
A girl aged 15 was brought to the Nilratan Sircar Hospital on January 4, 1955. She 
had had defective vision in both eyes since childhood. 


History.—She was an only child and had lost her father when she was 3 and her mother 
when she was 8. She had had occasional fainting attacks since the age of 6, and was apt 
to tire easily after a Jittle exertion. Since early infancy she had had difficulty in seeing 
distant objects and had to bring near objects very close to her eyes. 

About 6 months previously she had noticed something in each eye which came forwards 
and obstructed her vision, but could be made to disappear if she assumed a particular 
posture. She did not mention this to anyone as she was afraid it might cause her to 
have to undergo an operation, but she had been noticed attempting to make the 
obstructions disappear from her eyes and had been brought to the hospital by her 
relatives. 


Ophthalmological Examination.—The lids, lashes, conjunctivae, and corneae appeared 
normal. The anterior chambers were deep and the pupils of normal size (4 mm.). The 
pupillary reactions to light and convergence were present but not very brisk. Ocular 
tension was within normal limits. The iris stroma was healthy except for two patches of 
atrophy in the left eye and one in the right. In the right anterior chamber a small spherical 
cataractous lens of irregular contour was seen and in the left anterior chamber a normal- 
sized clear lens which looked like an “‘oil globule” ovoidal in shape with the long axis 
horizontal. There was no zonular attachment to either lens. 

Viewed through the slit lamp, remnants of zonular fibres showing degenerative changes 
were seen floating in the pupillary area behind the iris, still attached to the ciliary processes. 
Some of the zonular fibres showed irregular nodular thickenings (Fig. 1). When the 
beam from the slit lamp was thrown upon the left lens, the equatorial region showed a 


golden-yellow reflection (Fig. 2). Fluid vitreous was present in the anterior chamber of 
both eyes. 


Fic. 1.—Slit-lamp appearance of the right Fic. 2.—Brilliant golden-yellow reflex from 

eye showing zonular remnants and patch margin of displaced lens in left eye. Note 

of atrophy of iris. (x16). magnification of iris tissue as seen through 
the clear lens. 


On application of a 1 per cent. solution of atropine, the pupils dilated moderately. 
The patient was then asked to push the lenses back into the vitreous; she threw her head 
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back and in a few minutes both the lenses disappeared from view. On being asked to 
bring the lenses forwards, she lowered her head and in a very short time the lenses came 
into the anterior chamber. The patient rather liked to retain the lenses within the vitreous 
cavities as she said that when they were in the anterior chamber she experienced an 
uncomfortable irritation. 

When the lenses were in the vitreous cavities the vision in each eye was 24/60, and with 
+10 D sph. correction they improved up to 6/36. No abnormality was detected in the 
fundi, 


General Examination—The patient was tall and thin with long extremities, tapering 
hands and toes, prominent supra-orbital ridges, thin and elongated ears, marked upper 
dorsal scoliosis, and flat feet. The lungs showed nothing abnormal. The heart was of 
normal size but there was a systolic murmur in the mitral, aortic, mid-precordial, and 
pulmonary areas. The murmur was most marked in the pulmonary area. 

Investigations.—The electrocardiogram and angio-cardiogram showed no abnormality, except 
that the left ventricle was a little small. 

The circulation time, erythrocyte sedimentation rate, and blood count were normal. The 
Wassermann reaction was negative. The blood pressure, skull measurements, urine, and x-ray 
of heart and oesophagus showed no abnormality. 

Treatment.—The right cataractous lens (which measured 5x4 mm.) was removed by 
operation. 


Progress.—About 15 days after the removal of the cataractous right lens, a balloon- 
shaped detachment of the retina developed in the upper temporal quadrant of the retina 
of the right eye. On account of this complication, it was considered inadvisable to 
operate on the left eye. 


Summary 
(1) A case of Marfan’s syndrome with ocular abnormalities and cardio- 


vascular disorder is described, in which the patient had seri postural 
control over the dislocated lenses. 

(4) Absence of miosis, dilatation of the pupil by atropine, wid absence of 
rise of tension in the eyes were other noteworthy features.» 


We wish to thank the Superintendent of the Nilratan Sarkar Hospital for allowing us to publish 
this case, Dr. Hrishikesh Bose for the electrocardiogram and phonocardiogram, Prof. A. Das for 
help in taking the angiocardiogram, Dr. D. Bagchi for his co-operation in the cardiovascular 
investigations, and Mr. A. Das Gupta (by courtesy of Capt. K. Sen) for the paintings. 
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CONGENITAL TOXOPLASMOSIS* 


BY 
K. H. MEHTA 


Doncaster 


HuMAN toxoplasmosis has been recognized since 1939. Since then many 
probable and proved cases have been described in the United States, South 
America, Europe, and the United Kingdom (Wolf, Cowen, and Paige, 
1939; Pinkerton and Henderson, 1941; Dow, 1945; Jacoby, 1948). 

There are two types of chronic infection—congenital and acquired. 
Congenital infection is by far the more common, its cardinal features being 
hydrocephalus, chorioretinitis, and cerebral calcification. The most charac- 
teristic radiological appearances are curvilinear streaks in the region of 
basal ganglia or the optic thalamus, or rounded deposits in the same regions. 
The following cases have some noteworthy features. 


Case Reports 


Case 1, a schoolgirl, aged 12, who was referred to the refraction clinic for routine 
examination of her glasses, had been attending the clinic annually since the age of 5 for 
defective vision. 


Examination.—Visual acuity was 6/36 in the right eye and 6/60 in the left; there was no 
improvement with correcting lenses in either eye. The conjunctiva and cornea were 
clear. The pupillary reactions were normal, and the media clear. The fundus appear- 
ances are shown in Figs 1 and 2. 


Fic. 1.—Case 1, right fundus—disc pale, Fic. 2.—Case 1, left fundus—disc pale, 
margins blurred. Irregular patch of chorio- margins blurred. Irregular patch of chorio- 
retinitis, three disc diameters across. Coarse retinitis, three disc diameters across, with 
pigment scattered on periphery. Fine pig- coarse pigment scattered all over the area. 
ment along supero-nasal and infero-nasal Two tiny patches of choroiditis just above 
branches of central retinal artery. optic disc. 
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X Rays of the Skull (Figs 3 and 4).—Several calcified foci were disseminated in the 
anterior and posterior parts of the cerebral hemispheres. Some of these had a curvilinear outline, 
and the radiological appearances were those of toxoplasmosis. 


Fics 3 and 4.—Case 1, x rays of skull, showing 
a number of calcified foci disseminated in both 
the anterior and posterior parts of the cerebral 
hemispheres. Some of these calcified foci have 
a curvilinear outline, and the radiological 
appearances show evidence of toxoplasmosis. 


X Rays of the Chest and Right Femur.—There were no significant pulmonary changes, and no 
evidence of calcified foci was seen in the muscles. 

Toxoplasma Antibody Tests.—Dye test—1/20; complement-fixation test negative; blood count— 
no evidence of eosinophilia. Wassermann reaction and gonoccccal con.plement-fixation test 
negative. 

Family.—(1) Her mother, aged 35 years, had visual acuity 6/5 in each eye, clear media, 
and nothing abnormal in the fundi. 


X Rays of the Chest, Skull, and Dorsal Spine —Faint calcification was seen in the neighbourhood 
of the pineal body, but the outline was not characteristic of toxoplasmosis. There were no 
significant changes in the lungs. The dorsal spine shows a slight scoliosis, but no significant 
bony abnormality. 

Toxoplasma Antibody Tests.—Dye test 1/48; complement-fixation test 1/4. 


(2) Her sister, aged 3 years, visual acuity 6/6 in each eye, clear media and healthy fundi. 


X Rays of the Chest and Skull.—No evidence of any abnormality. 
Toxoplasma Antibody Tests.—Dye tests 1/8, complement-fixation test negative. 


Case 2, a schoolboy, aged 7 years, had been attending the school clinic for defective 
vision in the right eye and right concomitant convergent strabismus, since the age of 3 
years. 

Examination.—Visual acuity was 6/36 with glasses +0-75 in the right eye and 6/9 
with glasses +0-75=6/6 in the left. The right and left conjunctiva and cornea were 


clear, the pupillary reactions normal, and the media clear. The right fundus showed 
juxtapapillary choroiditis about four disc diameters across with coarse pigment scattered 
around the muscular region. The left fundus was normal. 

X Rays of the Skull—Several calcified foci were seen as rounded bodies (Figs 5 and 6, 


opposite). 
Dye test 1/30; complement-fixation test 1/2, 1/4 partial; Wassermann reaction and gonococcal 


complement-fixation test negative. 








CONGENITAL TOXOPLASMOSIS 


n the 
utline, 


Fics 5 and 6. —Case 2, x rays of skull, show- 
ing a number of calcified foci as rounded 


bodies. 


Family.—(1) His mother had visual: acuity 6/6 in each eye, and normal fundi. Dye 
test 1/25, complement-fixation tests negative, X ray of skull normal. 

(2) His sister, aged 2 years and 3 months, had normal fundi and x ray of skull, dye 
test within normal limits, and complement-fixation test negative. 


Discussion 
The mode of transmission in ihe congenital type of infection can only be 


surmised. 
The mother contracts the primary infection and develops primary para- 


sitaemia during pregnancy. The mother of an infected child seldom com- 
plains of any suspicious illness during pregnancy. It is significant that only 
the first child in these two families is infected. The second child shows no 
evidence of disease. Either the parasitaemia is transitory during pregnancy 
or neutralizing antibodies‘are quickly formed in the maternal blood so that 
further calamity is avoided. This explains why subclinical infection is 
widespread though congenital infection is relatively rare. I think one is 
justified in reassuring the mother that there is no danger of infection in any 
subsequent pregnancies. 

It has been suggested that congenital infections are common in the early 
part of the year* (these two children were born in the months of January 
and February respectively), and this may have some bearing on the 
epidemiology. 

REFERENCES 


Dow, R. S. (1945). Northw. Med. (Seattle), 44, 382. 

Jacoby, N. M. (1948). Lancet, 2, RG. 

PINKERTON, H., and HENDERSON, R . G. (1941). J. Amer. med. Ass., 116, 807. 
Wor, A., ‘CowEN, D., and Paice, B. H. (1939). Amer. J. Path., 15, 657. 


*Private communication from Prof. C, P. Beattie, Bacteriology Department, University of Sheffield. 



























Brit. J. Ophthal. (1955) 39, 572. 


LEFT PARALYTIC CONVERGENT SQUINT* 
BY 
J. P. F. LLOYD 
Oxford Eye Hospital 


a 


An unmarried woman aged 72, was first seen in July, 1953, with a complete paralysis of the 
left external rectus, believed to date from a left 6th nerve palsy of untraceable origin, 
which had occurred about 1936 (Figs 1, 2, 3). At the age of 72, this patient—in spite of 
having tolerated this very unsightly squint for nearly 20 years—decided that she would 
like some form of cosmetic surgery. The right eye was correctable to 6/5 vision, but 
with the left eye I could.not get her to see more than counting fingers, as compared with 


the visual acuity recorded in 1941 as 6/5. 





Fic. 1.—Before operation, looking right. Fic. 4.—After operation, looking right. 





Fic. 2.—Before operation, looking straight ahead. Fic. 5.—After operation, looking straight ahead. \] 





Fic. 3.—Before operation, looking left. Fic. 6.—After operation, looking left. 


Operation.—In September, 1953, a “Gifford”? reconstruction of the external rectus 
muscle was performed by bringing down strips of the superior and inferior recti 
to replace it and the stump was advanced up to the limbus. A 6-mm. recession of the 
internal rectus was also performed. 





Result.—Convalescence was uneventful and after about 8 weeks the eye had settled 
down with very nearly full movements apart from a little weakness of the internal rectus. 
It is interesting that the corrected left vision very quickly returned to 6/5 after the operation. 

ees a a? dae fc 
The patient is now almost completely free from any diplopia (Figs 4, 5, 6). 
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APPLIANCE 
MODIFIED PTOSIS SPATULA* 


BY 
H. B. STALLARD 
London 


THE instrument shown in Fig. 1 (a) and (6) is a spatula in two sizes, one smaller 
for children and the other larger for adults, curved to conform with the forward 
convexity of the tarsal plate in the upper eyelid; the upper edge of the spatula is 
rounded and curved to be accommodated in the superior fornix. That part of the 
spatula which projects below the upper lid margin, after its insertion between the 
lid and the eye, is drilled with four pairs of holes 1 mm. in diameter near each 
edge (Fig. 1 a, b). 





Fic. 1(a).—Modified ptosis spatula, anterior view show- _ Fi. 1(b).—Lateral view of two 
ing two sizes, one for adults and one for children. sizes of ptosis spatula. 


Sutures of No. 1 black silk are passed through the lid margin at the junction of 
the middle third with the medial and lateral thirds of the upper lid, and thence 
through one pair of the three holes on the corresponding side of the spatula. The 
three pairs of holes in the middle of the spatula are thus arranged to allow for 
various vertical lengths of the upper lid in stretching it over the spatula. For a 
vertically short upper lid the upper pair of holes will be used for the sutures, and 
for vertically longer lids the lowest pair of holes will accommodate the sutures 
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which secure the lid margins to the spatula. Sutures are now passed through the 
pair of holes at the lower end of the spatula and then through the edge of the towel, 
which has been fixed with mastisol to the cheek, and tied (Fig. 2). When the sutures 
are tied the lid is held stretched over the spatula which is anchored securely in 
position. The spreading of the lid structures facilitates surgical exposure and 
protects the eye during the dissection of the levator palpebrae superioris from the 
conjunctiva of the upper fornix, a procedure which can be done leaving the con- 
junctiva intact. without being button-holed. 





Fic. 2.—Spatula in place beneath upper lid. The upper lid margin is secured 
at junctions of middle with medial and_lateral thirds to the perforated edges of 
the spatula by No. 1 black silk sutures. The lower end of the spatula is secured 
to the head towel by sutures. 


MacCallan’s lid spatula, with its concave vertical curve, has to be held in position 
by the assistant, whose hand frequently obstructs the surgeon’s work. Moreover, 
it is difficult to keep it constantly in the correct place, and the‘inevitable movement 
may injure the corneal epithelium. The new instrument avoids all these disad- 
vantages. 
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OBITUARY 


JOHN DENNIS MARTIN-JONES 


In King Henry IV, Sir John Falstaff says, “ Will you tell me, Master Shallow, how to 
choose a man? Care I for the limb, the thewes, the stature, bulk, and big assemblance of 
aman! Give me the spirit, Master Shallow ”’. 

John Dennis Martin-Jones was indeed a man of spirit in both work and play, but 
neither in mundane ambition nor in reality was he a giant in our profession. Characteristic 
of his qualities of mind and heart he did whatever lay clearly at hand with efficient and 
conscientious thoroughness, meticulous care, 
with kindness, and with that sound common 
sense which dominated his judgment in all 
matters. Much of his well balanced thinking 
and -behaviour, his poise and purposefulness 
and well timed actions were compatible with 
his physical make-up, for he . possessed the 
compact, well proportioned and slight physique 
of the outdoor games player and sportsman. 

Such a distinguished anatomist as the late 
Professor Woollard held that there are men 
in whom there is combined an aristocracy 
of both mind and body. The harmony of 
both mental and physical qualities was evident 
in John Martin-Jones. 

He was born on March.29, 1907, the elder son 
of the late Martin Llewellyn Jones, F.R.C.S., 
and Mrs. Martin-Jones of Aberdare, Glam- 
organshire. From his father he inherited an 
aptitude for surgery and good literary taste, 
for both father and son read widely. JoHN DENNIS MARTIN-JONES 

He was educated at Denstone College and 
then at Emmanuel College, Cambridge, where he obtained honours in the Natural 
Sciences Tripos. 

In January, 1931, he entered. St. Bartholomew’s Hospital and in 1934 qualified. 
He became House Physician to Dr. Hinds Howell and later House Surgeon to the Eye 
Department, 1935-36. In 1936 he took his Cambridge M.B., B.Ch., and in 1938 the 
D.O.M.S. He was resident surgical officer and then registrar at the Royal Westminster 
Ophthalmic Hospital and there as Cruise research scholar he investigated uveal sarcoma, 
on which subject he wrote a thesis for. the Cambridge M.D., 1939, which had the dis- 
tinction of being published as a monograph supplement of the British Journal of 
Ophthalmology in 1946. 

He served in the army from 1940-45 and spent 4 years overseas as an ophthalmic 
specialist in hospitals in the Middle East and in a Mobile Ophthalmic Unit in Normandy. 
Despite the stressing and often difficult conditions of active service the excellence of his 
work never varied. The field medical cards which accompanied the wounded who had 
passed through his capable hands were marked with his neat handwriting setting out 
concisely and clearly every essential detail. I do not think that the smallest lesion at the 
extreme periphery of the ocular fundus ever escaped his notice. He possessed that ad- 
mirable quality, so essential in our professional behaviour, of imperturbability (Osler’s 
Aequanimitas) and such never left him in the stress and squalor of war and in handling 
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large convoys of wounded. Indeed I never saw him out of temper or other than neat, 
debonair and well dressed whatever the conditions; a tribute to his self-discipline, control 
and poise. 

On leaving the army he decided wisely that the unbalanced and madly competitive 
career of a consultant in London was not his way of life. In the Cathedral Close of 
Salisbury and the consulting staff of the General Infirmary he found the suitable medium 
for his unhurried and thorough clinical work. In Salisbury he was fortunately spared 
the isolation that specialists may endure in a provincial town, for near by there lived his — 
old chief, Robert Foster Moore, to whom he went both for advice and for the recreation of 
fishing. Theirs was a friendship which was perfectly complementary. Soon he 
established in Salisbury an efficient eye unit which gave good service of a high clinical 
order to a wide area of surrounding country. His loss will be felt acutely by the hospital 
team he has trained and by the many patients he has treated with such characteristic 
care and kindness. He was a competent operator, inclined to be too modest about his 
ability. His many friends and patients will for ever remember his absolute honesty, his 
modesty and integrity. 

At Salisbury he led a well-balanced life, enjoying to the full his work, his outdoor 
games, his fishing and shooting, and above all his family life in an admirable home. It 
is tragic that he has died in his prime. His loss is irreparable but the memory of his many 
fine qualities as a doctor and a man will endure with the wide circle of his friends who 
held for him an affectionate regard and loved his constant good nature and kindness, and 
enjoyed his gaiety and the spontaneous warmth of his friendship. 

To his wife and two young daughters we extend our sincere sympathy in their great 
sorrow and tragic loss. H.B.S. 


NOTES 


AMERICAN OPHTHALMOLOGICAL SOCIETY 


Tue following office bearers have been appointed for 1955-56: 
President: ... ... Dr. Alan C. Woods (Baltimore). 
Vice-President: . .... Dr. Frederick C. Cordes (San Francisco) 
Secretary-Treasurer: Dr. Maynard C. Wheeler (New York) 
Editor: ry ... Dr. Gordon M. Bruce (New York). 


V PAN-AMERICAN CONGRESS OF OPHTHALMOLOGY 


At the fifth Pan-American Congress of Ophthalmology, which will meet in Santiago, 
Chile, on January 9 to 14, 1956, the following subjects, will be discussed: glaucoma; 
collagen diseases; infantile glaucoma; secondary glaucoma; strabismus; detachment of 
the retina; psychosomatic ophthalmology; tropical diseases of the eye; physiopathology 
and surgery of the crystalline lens; plastic surgery; visual fields and neuro-ophthalmology; 
intra-ocular tumours. 

The official languages will be Spanish, Portuguese, and English. Ophthalmologists 
who desire further information about the programme should consult Dr. James H. Allen, 
1430 Tulane Avenue, New Orleans, La? 

Other enquiries should be sent to Dr. Daniel Snydacker, 109, North Wabash Avenue, 
Chicago 2, Iil. 
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COMMUNICATIONS 
THE X RAY AND RADIUM PHOSPHENES* 


BY 


LEO E. LIPETZt 
Donner Laboratory of Biophysics and Medical Physics, University of California 


OPHTHALMOLOGISTS, as well as radiologists, are aware that radium 
radiations and x rays can produce a sensation of light on striking a person’s 
eye. This phenomenon is being used clinically to locate foreign bodies 
within the eye and to test the retinae of cataractous eyes. It has recently 
been used to measure the diameters and refractive power of living human 
eyes. But the mechanism by which these radiations arouse a visual sensation 
is still unknown. 

In this paper, which is the first of two dealing with an attempt to determine 
that mechanism, the literature on the x ray and radium phosphenes is critically 
reviewed, and conclusions are drawn as to its probable nature. In the 
second paper (Lipetz, 1955) a test of these conclusions for the x ray phosphene 


- is described. 


History of the X Ray Phosphene 


Search for the X Ray Phosphene.—When Roentgen (1895) announced 
his discovery of x rays, he stated that he had tried but had been unable to 
arouse a visual sensation with x rays. His reason for trying was the logical 
speculation that since x rays, like light, affected the photographic plate, 
then x rays, like light, might also affect the visual system. For this same 
reason many other experimenters continued to look for an x ray phosphene. 
At first no phosphene was found and this was ascribed to an opacity of the 
ocular media (Salvioni, 1896; Dariex and de Rochas, 1896; Harnisch, 1896; 
Battelli, 1896; Chalupecky, 1897; Antonelli, 1897; Brandes, 1896; Brandes 
and Dorn, 1897). But even when the thickness of ocular media in the rays’ 
path was reduced by using lensless (aphakic) eyes, or by passing the rays 
directly to the retina, through the sclera, no phosphene was produced 
(Battelli, 1896; Dwelshauwers-Dery, 1896; Gallemaerts, 1896; Harnisch, 
1896; Guilloz, 1896; Cowl and Levy-Dorn, 1897; Crzellitzer, 1902). It was 
later realized that these negative results occurred because the x rays used by 
these experimenters had insufficient penetrance and intensity to stimulate 
the eye. Other early workers had somewhat better x-ray generators and 
found that the rays penetrated the ocular media (Wuillomenet, 1896; Bullot, 
1896; Gallemaerts, 1896; Destot and Bérard, 1897; Scholtz, 1902; Birch- 
Hirschfeld, 1904). 
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Some effects on vision which possibly were produced by x rays were re- 
ported by some early workers and denied by others (Edison, Morton, Swinton, 
and Stanton, 1896). Seeing by partially blind persons through use of x rays 
was announced (Clark, 1896), but it was correctly attributed (Edison, 1896b) 
to vision via light from a fluoroscope screen rather than via a direct action of 
x rays. Some cures of blindness by x rays were reported (Bell, 1896), but 
these were considered to have been cases of hysterical blindness (Bosc, 
1896; Stephenson and Walsh, 1899). 


Discovery of the X Ray Phosphene.—Brandes (1896) announced that he 
and Dorn had been able with x rays to produce a visual sensation in a 
blindfolded aphakic. What was more, when they performed a control 
experiment with normal subjects, these, also, received a visual sensation. 
Independent discoveries of the phosphene were soon announced and were 
followed by confirmatory reports (Edison, 1896a,b; Robarts, 1897; Destot 
and Bérard, 1897). Roentgen (1897), in his third communication regarding 
x rays, retracted his earlier statement and confirmed that the rays could 
elicit a visual sensation. 

Brandes and Dorn (1897) published a full account of their experiments. | 
Other studies were published in the next few years (Strauss, 1897; Bardet, - 
1897; Harrison, 1897; Foveau de Courmelles, 1898; Himstedt and Nagel, 
1901; Crzellitzer, 1902; Belot, 1905; Ammann, 1906; Bossalino, 1906a,b). 
No, more experiments were reported after 1906, probably because the workers 
had become aware of the harmful effects of x rays. The x ray phosphene 
then seems to have been forgotten, except for a few reviews (Apatoff, 1910; 
Meyer, 1912; Heinicke and Perthes, 1925). 

Desjardins (1931) considered x rays to be invisible. Taft (1932) and 
Pirie ( 1932) independently rediscovered that visibility, and further reports 
have since been published about every 2 years. 

Doubts as to the Reality of the X Ray Phosphene-—Cowl and Levy-Dorn 
(1897) strenuously objected to the conclusion that x rays could arouse a 
sensation of light. On the basis of their many experiments they believed 
that whatever light sensations were perceived could be explained in other 
ways. Their arguments were disposed of in a series of neat experiments 
by Brandes (1896), Brandes and Dorn (1897), Dorn (1897), and Bardet (1897). 

Crzellitzer (1902), working in Cowl’s laboratory with improved x-ray 
apparatus, demonstrated to both Cowl’s satisfaction and his own that 
x rays were visible to the normal eye, and thus ended the controversy. 


Characteristics of the X Ray Phosphene 


LIGHT SENSATION DURING IRRADIATION OF THE WHOLE EYE 
Appearance.—The phosphene produced by x-irradiation of the entire eye has 


been described (Bellucci, 1947,1951; Belot, 1905; Bossalino, 1906a,b; Godfrey, 
Schenck, and Silcox, 1945; Taft, 1932) as a homogeneous luminous glow filling 


the entire visual field. 
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Stimulus Intensity Threshold—Brandes and Dorn (1897) noticed that their 
observers showed varied sensitivities. Newell and Borley (1941) were the first 
to measure the threshold x-ray intensity required to produce the phosphene in 
humans. They found that for an area of 1 sq. mm. on the retina, the threshold 
varied from 0-5 to 1-4 r./min. in three normal subjects. Bornschein, Pape, and 
Zakovsky (1953) found the threshold to vary from 1-6 to 8-7 mr./sec. for normal 
subjects. 

SIMILARITIES BETWEEN THE X RAY AND THE LIGHT PHOSPHENES 

Effect of Dark Adaptation.—It was found by all experimenters that, as for weak 
light, the eye had to be dark-adapted before x rays could be seen, and certain of 
them emphasized this fact (Bardet, 1897; Harrison, 1897; Pirie, 1932, 1934; Taft, 
1932; Bellucci, 1951). Jalet and Olivier (1947) noted that the length of dark adapt- 
ation required to see the x rays varied greatly among one hundred normal subjects; 
some even saw them immediately on entering the dark. Newell and Borley (1941) 
determined in one subject the time course of the drop in the just visible x-ray 
intensity during dark adaptation, and found it similar to the drop in the light 
threshold. 


Pupillary Reflexes.—Bellucci (1951) observed that intense x-irradiation of the 
eye produced a pupillary contraction in both the irradiated eye (direct reflex) and 
the non-irradiated eye (consensual reflex), just as did light. 


Persistence of Vision.—Bellucci (1951) placed between the eye and the x-ray source 
a metal disk having 1-mm. diameter holes at 3 and 6 mm. from the centre. When 
the disk was spun rapidly, the subject saw two concentric circles of light. A 
similar effect can be produced using a light source. 


Lack of Afterglow.—Braun (1897) believed that the x-ray image persisted on the 
retina, but he did not give the basis for his belief. Taft (1932) and Jalet and 
Olivier (1947) found that the sensation of light ceased as soon as the x rays were 
stopped, with no afterglow. This is what would be expected on the basis of the 
reports (Bardet, 1897; Brandes and Dorn, 1897) that the phosphene flickered in 
synchronism with a low frequency (1 to 10 cycles per second) alternating current 
applied to the x ray,generator. 


Behavioural Response of Animals.—Axenfeld (1896a,b) found that if various 
insects (coleoptera, diptera, hymenoptera) and crustaceans (Porcellius) were placed 
in a light-tight container, half of it wood and half of it lead, and this container was 
exposed for a short time to x rays, then the enclosed animals moved to the wooden 
half, which was pefetrated by the rays. Blinded animals did not do this. He 
found that caged house-flies tended to move from dark to light regions, and (ap- 
parently assuming that all the animals used had the same photophilia) concluded 
for all the animals that the x rays had probably produced a sensation of light 
when it struck their eyes. 

Chalupecky (1897) noted no behavioural response when he irradiated one eye 
of a dark-adapted dog, though a one hour dose produced subsequent pathological 
changes in the eye. But the low intensity of the x rays used may account for this 
lack of response. 

Electrical Responses of the Eye.—Himstedt and Nagel (1901) measured, with a 
string galvanometer, the change in current which flowed between electrodes at the 
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cornea and fundus of an animal eye when the retina was stimulated. This change 
was called an “‘ action current ”’. They found that when an excised, dark-adapted 
frog eye was illuminated with light, an action current was produced. Exactly 
the same form of action current was produced on irradiation with x rays. This 
demonstrated objectively that the visual system (at least in the frog) is affected by 
x Trays in much the same way as it is affected by light. After some minutes’ 
exposure to intense light, the eye did not respond for about five minutes to either 
light or x rays—demonstrating objectively that sensitivity to these two stimuli 
decreased with light adaptation and increased with dark adaptation. 

Nagel (1901) reported that dark-adapted frog eyes gave a considerably stronger 
action current than light-adapted ones, and that they also reacted very decidedly 
to x rays; “as well, in fact, as the thoroughly dark adapted eye of the mist owl 
(Strix flammea)”’*. 

Himstedt and Nagel (1902) performed similar experiments on dark-adapted 
frogs, owls, chickens, turtles, and pigeons. The only significant findings were 
that chicken eyes showed a weak response to light but none to x rays, and frog 
eyes and owl eyes (from Syrnium aluco) gave a very large response to light and 
a smaller but similarly varying, response to x rays. 

The action currents of the type recorded by Himstedt and Nagel (b-waves) 
are now believed to originate principally with rod activity. So this is evidence 
that x rays, directly or indirectly, excite the rods. 

Reciprocity of Area and Intensity of Stimulus—Ricco’s Law.—Brandes (1896), 
Crzellitzer (1905), and Gifford and Barth (1934) found that a fixed intensity x-ray 
beam became invisible when its cross section was reduced beyond some critical 
area. 

Newell and Borley (1941) found that at the threshold of visibility for two fine 
x-Tay beams, the product of their intensity and cross-sectional area was a constant 
for total retinal areas of at least from 0-025 to 0:60 mm. The largest value is for 
two excited retinal areas each 0-62 mm. in diameter or about 2-2° of visual angle 
across. A similar relation of intensity and area is found for threshold light stimuli. 
But it holds exactly in the peripheral retina only for areas less than one degree 
across (Haig, 1950). 


Reciprocity of Duration and Intensity of Stimulus—Bunsen-Roscoe Law.~ 
Bornschein, Pape, and Zakovsky (1953) found that the threshold dose (the product 
of duration and intensity of x rays for perception of the phosphene) was nearly 
constant for durations of stimulus less than 20 msec., the threshold dose being as 
low as 0-5 mr. For greater durations the threshold dose increased with increase 
in duration. 

Similarly, Graham and Margaria (1935+) have shown that the threshold dose of 
light for perception of the light is a constant for stimulus durations below a certain 
critical value. The critical duration depends on the region of the retina and the 
total area stimulated. At a region 15° peripheral the critical duration was about 
20 msec. for a light stimulus 16 min. of arc in diameter. 

Effect of Age on Absolute Threshold—Newell and Borley (1941), using three 
normal subjects, and Bornschein, Pape; and Zakovsky (1953), using four normal 
subjects, found higher x ray phosphene thresholds for their older subjects. 





*Author’s translation. 
+ t See Additional References. 
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Similarly, the absolute rod and cone thresholds are found to rise slowly with age, 
the mean threshold at 50 years being nearly double that at 20 years of age (Hecht 
and Mandelbaum, 1939”), 


DIFFERENCES BETWEEN THE X RAY AND LIGHT PHOSPHENES 

Colour.—The colour of the x ray phosphene has been described as a clear 
opalescent green by Bossalino (1906a,b); as a clear, bright, shining yellow by 
Crzellitzer (1902); as a diffuse bluish green by Godfrey, Schenck, and Silcox(1945); 
as a desaturated yellow-green by Newell (1952); as white for one eye of a subject 
and greenish-blue for the other by Jalet and Olivier (1947); and as white by Denier 
(1950). Pape and Zakovsky (1954) found that x rays produced at 71 kV. and 
2 mA. caused a blue-green phosphene. Bellucci (1951) found that the phosphene 
remained unchanged in colour as the x ray generator’s voltage varied between 50 
and 180 kV., though the brightness changed. The colour did depend on current, 
being uniform yellow-green at median values and changing towards blue with 
smaller currents (about 4 mA.) and towards yellow with larger currents (about 
80 mA.). The phosphene became brighter as the current was increased, 

These colours differ from the highly desaturated blue of scotopic light vision. 
Further, the reported change of colour with intensity of x rays seems to be unobtain- 


able with a similar intensity change in any light stimulus. 


Appearance of X-Ray Shadows.—Detailed descriptions of the spatial appearance 
of the phosphene were given by Strauss (1897) for a pencil beam of x rays, Bellucci 


(1951) and Rushton (1938) for a ribbon beam, Bossalino (1906a) for a cruciform 
beam, and Crzellitzer (1902) for the shadow of a lead sheet. Briefer descriptions 
were given by other authors (Brandes and Dorn, 1897; Dorn, 1898a; Goldmann 
and Hagen, 1942; Jalet and Olivier, 1947; Nagel, 1911; Pancoast, Pendergrass, and 
Schaeffer, 1940; Pirie, 1932, 1934; Roentgen, 1897; Taft, 1932; Toniolo, 1948). 

In every case the appearance can be explained in the following terms: 
(a) The x rays are not refracted by the ocular media and therefore pass through 


the eye in straight lines. 
(b) Wherever the rays intersect the partial sphere of the retina, an area of excitation 
is produced if the ray flux is above threshold intensity. 
’ (ce) The resulting phosphene is perceived as whatever external light source would 
produce on the retina of the. normal eye a light image that would excite just that 
area of retina excited by the x rays. 


For example, if a 1-5-mm. diameter cylindrical beam of x rays were aimed so as to intersect 
the macular retina at right angles, a 1-5-mm. diameter circular patch of the macular retina would 
be excited by the rays. That same retinal patch would be excited by a 5° disk of light viewed 
straight ahead, and, in fact, the x ray phosphene aroused is seen as a 5° disk of light, located 
Straight ahead. Similarly, if that x-ray beam were aimed so as to intersect the upper nasal retina 
at an acute angle, an oval patch of retina would be excited by the rays, and the resulting phosphene 
would be an oval patch of light with a minor axis 5° across seen in the lower temporal visual field. 

As a corollary, a ray intersecting the retina at two points would produce two corresponding 
spots of light, as was observed by Himstedt.and Nagel (1901). 

Another corollary is that the x-ray shadow of an object would appear much larger than the 
object and reversed left for right and up for down, as in fact it does. This was recognized by 
Braun (1897), as well as by many other early workers. Crzellitzer (1903) calculated that, on the 
basis of a visual resolution threshold for light of one min. of arc, an object 4-4 microns in size 
should cast a just visible x-ray shadow. But he was confusing resolving power with detecting 
power—4-4 microns would be the separation of two shadows that could just be seen as 
two, and this assumes that the foveal cones would be sensitive to x rays, something that has not 
been demonstrated. 


It was shown by Pirie (1932, 1934) that if appropriately different patterns of x rays were 
presented to the two eyes, a stereoscopic effect could be produced in the phosphene. 





* See Additional References, 
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Thus, with regard to the viewing of form, the only reported difference between the 
x ray phosphene and light phosphene is that light, but not x rays, can be refracted 
by the media of the eye to form an image on the retina. Images are formed with 
x rays only by silhouetting objects against a source of x rays. 

Regional Variations in the Retina’s Sensitivity to X Rays.—The x ray phosphene, 
particularly when weak, appears brighter in the peripheral visual field than in the 
central field (Brandes and Dorn, 1897; Himstedt and Nagel, 1901; Crzellitzer, 
1902; Bossalino, 1906a; Newell and Borley, 1941; Jalet and Olivier, 1947). 
Bossalino reported this to occur only for irradiation from the side of the eye. 
Both he and Bellucci (1951), in contrast to the other authors, found that with 
irradiation from the front of the eye the entire visual field appeared homogeneous. 
Brandes and Dorn (1897) described the phosphene as an outer bright ring which 
was wider and brighter on the temporal and upper sides and was filled with a 
weak, diffuse light. 

These conflicting reports make it difficult to compare the regional variations 
in the retina’s sensitivity to light and to x rays, but the periphery seems to be more 
sensitive to both stimuli. 

Appearance to Colourblind Subjects—Dorn (1898) and Nagel (1907) found 
that totally colourblind subjects were more sensitive to x rays than were normal 
subjects. This might have been caused by the tendency of some total colourblinds 
to avoid light-adaptation, but further investigation of this phenomenon is needed 
to settle the question. 

Murani (1899) tested four “ red-green blind” children and found that they 
could not perceive the x rays, but it is not reported whether normal subjects could 
perceive x rays with his apparatus. 


Uses of the X Ray Phosphene . 
TESTING RETINAL FUNCTION IN PARTIALLY BLIND Eyes.—It was realized 
from the start (see, for example, Edison, 1896b), that it should be possible 
to produce distinct x ray images even in eyes which because of clouding or 
distortion of the ocular media could not get a clear image with light. Many 
tests of this principle were made. 

Edison (1896a) reported that persons blinded by cataract received a 
sensation of light from x rays. Bock (1896), apparently believing that the 
lens was opaque to x rays, suggested that the rays might be used to enable 
aphakics to see objects. Bloch (1896) doubted that the rays would help, 
but Robarts (1897) did find that blind individuals with adherent lids or 
atrophy of the globe could distinguish x ray shadows. Destot and Bérard 
(1897) tested patients with various diseases, including total leukomic 
staphyloma of the cornea, iridocyclitis, and atrophy of the eye, and found 
that if they could distinguish between day and night, they could see x ray 
shadows. Foveau de Courmelles (1898) tested 204 blind children, but 
apparently he did not allow sufficient dark-adaptation since the x rays were 
perceived only by some nine whose retinae were always kept shadowed by 
their afflictions and so were always partially dark-adapted. Bossalino (1906a) 
tested patients having aphakia, cataract, “‘phthisis bulbi”, traumatic lesions, 
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total and partial retinal detachment, and primary optic atrophy. From 
the results he concluded that, where the retina and optic nerve were intact 
so that light could be seen, x rays could also be seen. One subject could not 
distinguish the forms of x ray shadows with his cataractous eye, and this 
prompted Bossalino to look for and find a partial detachment of the retina 
in that eye. 

Since the x ray phosphene was rediscovered in 1932, it has regularly been 
used to test the functioning of the retina in eyes in which light could not be 
used for that purpose (Pirie, 1932; Gifford and Barth, 1934; Newell and 
Borley, 1941; Godfrey, Schenck, and Silcox, 1945; Jalet and Olivier, 1947; 
Bellucci, 1951). Newell and Borley were able to locate relatively small 
scotomata by testing the ability to resolve two neighbouring, narrow x ray 
beams directed at the retina. 

Bornschein, Pape, and Zakovsky (1953) found that the threshold for the 
x ray phosphene in a congenital hemeralope was several hundred times the 
normal, being from 1,000 to 1,600 mr./sec. His absolute light threshold was 
also raised about that much. No phosphene was produced in a patient 
having retinitis pigmentosa with a grave loss of vision, even at 7,500 mr./sec., 
again showing the close relation between the x ray and light thresholds. 


Appearance to Blind Subjects—It was found that blind persons who could 
distinguish between light and dark could perceive x rays (Bellucci, 1951; Bossalino, 
1906a; Destot and Bérard, 1897; Edison, 1896b; Foveau de Courmelles, 1898; 
Gifford and Barth, 1934; Goldmann and Hagen, 1942; Jalet and Olivier, 1947; 
Kolle, 1897; Newell and Borley, 1941 ; Pirie, 1932; Robarts, 1897). The appearance 
to them was like that to normal subjects except where abnormalities of the retina 
were involved. Jalet and Olivier (1947) reported that a patient having a unilateral 
cataract, probably of endocrine origin, perceived the x rays on that side as dimmer 
and as “ gritty” in appearance. Another patient had a bilateral cataract, recently 
operated on the right eye. He perceived a luminous bluish sensation on the right 
and a much more intense white light on the left eye when exposed to the rays. 


LOCATION OF FOREIGN BODIES IN THE EyE.—Foreign bodies in the eye or 
orbit could sometimes be located by the x ray shadows they cast on the 
retina. This technique was extensively developed by Godfrey, Schenck, and 
Silcox (1945). 


MEASUREMENT OF EYE DIAMETERS.—The diameters of living human eyes 
have been measured in situ with the x ray phosphene (Rushton, 1938; 
Goldmann and Hagen, 1942; Sorsby and O’Connor, 1945; Stenstrém, 
1946; Deller, O’Connor, and Sorsby, 1947). The technique was to project 
a ribbon beam of x rays so that it traversed the eyeball with the plane of the 
beam at right angles to the diameter to be measured. The beam was moved 
until it aroused the sensation of a point of light, at which time the beam was 
at a tangent to the retina and its position could be measured. 


MEASUREMENT OF TOTAL REFRACTIVE POWER OF THE Eyve.—Goldmann 
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and Hagen (1942) measured the total refractive power of the human eye 
by use of the phosphene. They directed onto the retina of a dark-adapted eye 
two parallel x ray ribbon beams of which the separation was known precisely. 
This gave the sensation of two shining lines. They then projected two 
parallel lines of light onto a wall that was a known distance from the eye, 
and adjusted them so that the light lines appeared to lie on the x ray phos- 
phene lines. The total refractive power (in dioptres) was then computed as 
the ratio of the separation between the light lines to the product of the 
separation between the x ray beams and the distance between the wall and 
the nodal point of the eye. A brief review is given by Hartridge (1946). 


Experiments on the Mechanism of the X Ray Phosphene 


Many suggestions have been made in the literature regarding the means 
whereby the x rays act on the visual system. All these theories are based on 
the concept that the x rays initiate in the eye a chain of processes which links 
up somewhere with the chain of processes initiated in the eye by light, so 
that from there on the processes (and the response) are the same for light and 
for x rays. 


LACK OF DiRECT EFFECT OF X RAYS ON THE CENTRAL VISUAL SYSTEM.— 
Kolle (1897) and Godfrey, Schenck, and Silcox (1945) tested patients having 
recent enucleations and evisceration and found an absence of response 
on the operated side. They concluded “ the response is not due to direct 
stimulation of the optic nerve ”’. 


All parts of the head were strongly x irradiated by Pirie (1932), Gifford 
and Barth (1934), Jalet and Olivier (1947), Bellucci (1951), and Pape and 
Zakovsky (1954). A phosphene was observed only when the retina lay in 
the path of either direct or strongly scattered x rays. Théy concluded that 
the visual system was stimulated by x rays at the retina only. 


FLUORESCENCE OF THE OCULAR MEDIA.—The early workers realized that 
the regional variation in the retina’s sensitivity to x rays and the increase in 
sensitivity during dark adaptation paralleled the retina’s sensitivity to light. 
Therefore, it was proposed that the x rays produced light in the eye by 
causing the ocular media to fluoresce, and that this fluorescence was what 
was perceived. Various experimenters looked for fluorescence in live eyes 
or in parts of freshly extracted eyes while irradiating them in the dark, but 
saw none (Brandes and Dorn, 1897; Chalupecky, 1897; Crzellitzer, 1903; 
Dorn, 1898; Gifford and Barth, 1934; Himstedt and Nagel, 1901; Jalet and 
Olivier, 1947; Taft, 1932). Newell and Borley (1941) found that the lens 
of a rabbit eye fluoresced when irradiated with 100,000 r/min. However, as 
they pointed out, this flux is about 200,000 times (human) threshold. They © 
could see a glow through the pupils of normal human eyes, but not of an 
aphakic eye, when the eyes were irradiated with 1,000 r/min. (about 2,000 
times threshold flux), indicating that the human lens fluoresces. In con- 
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trast, Crzellitzer (1902) found that when an x-ray beam was passed through 
the eye so as to hit the lens but not the retina, no phosphene was perceived. 
However, he used an intensity that was probably not far above threshold. 

From the above observations it can be concluded that fluorescence of the 
ocular media is negligible except at very high intensities of x rays. 


SirE OF ACTION.—Since 1897 it has been realized that the sharpness of 
detail of the x ray phosphene implied that the site of action was next to or in 
the retina, as otherwise the pattern of excitation would disperse and lose 
detail before it reached the retina. It was further realized that the excitation 
must eventually act on the cells of the visual pathway (photoreceptor cells 
and neural cells of the retina) and cause them to respond as they would re- 
spond to light. 

If the site of action of the x rays was in the retina but outside the cells of 
the visual pathway, then there had to be a way of transferring the energy 
absorbed from the x rays to those cells, and without much spatial dispersion 
of the energy pattern. This latter requirement would not be met at near- 
threshold intensities by such transfer methods as the spread of heat or of 
chemicals produced by the action of the x rays. Only if the energy of the 
x rays were transformed into light (fluorescence) would there be a possibility 
of meeting that requirement, because the light would be selectively taken up 
in the photoreceptor cells (rods and cones) and little absorbed by the inter- 
vening tissue. 


FLUORESCENCE OF THE ‘RETINA.—Therefore, it was next proposed that 
x rays produced fluorescence in the retina. Many unsuccessful attempts 
were made to see fluorescence in irradiated retinae (Brandes and Dorn, 1897; 
Dorn, 1898; Gifford and Barth, 1934; Salvioni, 1896; Taft, 1932). An 
extract of visual purple in bile and saline did not fluoresce either (Gifford 
and Barth, 1934). Himstedt and Nagel (1901) think they saw just barely 
perceptible fluorescence in (frog?) retinae, both bleached and rich in 
visual purple. 

However, Newell and Borley (1941) were unable to see fluorescence in an 
excised dark-adapted rabbit retina irradiated with 100,000 r/min. and saw 
no glow through the pupil of an aphakic human eye being irradiated at 
1,000 r/min. These observations are crucial in deciding between retinal 
fluorescence and direct action on the receptors as the mechanism of the 
x ray phosphene and deserve careful evaluation. To be visible to an ob- 
server a fluorescing layer must be 20 to 30 times more luminous when external 
to the eye than when lying adjacent to the retina. Their second observation 
was made on a human retina with an x-ray intensity 2,000 times greater than 
the human threshold for the phosphene. This signifies that any fluore- 
scence produced in the human retina is less than (30/2,000~) one seventieth 
of the amount needed to account for the phosphene. Their first observation 
cannot be evaluated because the phosphene threshold for rabbits is not known. 
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My results with frogs confirm their findings. Fresh frog lenses and 
bleached and dark-adapted retinae gave no noticeable fluorescence when 
irradiated with 1,800 r/min. (Lipetz, 1953). This is about 100 times greater 
than the threshold for electric response of the frog eye (Lipetz, 1955). The 
light threshold for such a response is about 10 times greater than the human 
absolute light threshold. Therefore the fluorescence produced in a frog 
retina must be less than (30/1,000~) one-thirtieth the amount needed to 
account for the electric response to x rays. 

From these observations it can be concluded that any retinal fluorescence 
produced by x rays has a negligible effect toward the production of the 
x ray phosphene. 


BLEACHING OF VISUAL PURPLE.—A third proposal was that x rays acted by 
directly breaking down the visual purple in the rods. Excised, dark-adapted 
retinae were irradiated for as much as an hour, but no bleaching of the visual 
purple was observed (Brandes and Dorn, 1897; Fuchs and Kreidl, 1896; 
Himstedt and Nagel, 1901). However, as Himstedt and Nagel pointed out, 
these experiments were done with near-threshold intensities, and near- 
threshold intensities of light produce no detectable bleaching in that length 
of time. It was also found (Gatti, 1897) that at low intensities, x-irradiation 
of light-adapted frogs had no effect on the course of regeneration of visual 
purple in their retinae. 


“LIGHT ADAPTATION” OF THE RETINA WITH xX Rays.—Dark-adapted 
animal retinae were irradiated for up to half an hour in vain attempts to 
produce in them certain of the attributes of the light-adapted retina. One 
attribute was photomechanical adaptation—change in length of rods and 
cones and movement of pigment in the retinal epithelium cells (Birch- 
Hirschfeld, 1904; Gatti, 1897; Guglianetti, 1909; Lodato, 1897-98; Pergens, 
1896, 1897); another was a change in the colour of the retina stained with 
triazide dye (Birch-Hirschfeld, 1904; Guglianetti, 1909); the third was a 
change in the oxidizing power of the retina (Guglianetti, 1909). Since ail 
these tests were made with near-threshold intensities of x rays, negative 
results were to be expected. 


QUESTION OF SUMMATION OF LIGHT AND X-Ray STIMULI.—Bossalino 
(1906b), while experiencing the phosphene from an x-ray beam, simultaneously 
illuminated his eye with light of just subthreshold intensity produced by 
a lamp shining through red, turquoise, orange, or yellow gelatin filters. The 
colour of the x ray phosphene was not affected by the light. He also re- 
peated the experiment with the light intensity high enough to show the 
colour of the gelatins. The x rays had no effect on the apparent colour of 
the lights. 

However, because the intensity of his x-ray beam must be assumed to be 
near-threshold, no conclusion can be drawn from his experiments. The 
first experiment is invalid because there is an appreciable range above absolute 
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threshold before an intensity is reached (still within the mesopic range) at 
which a light stimulus appears to have any colour other than a desaturated 
blue. So even if the subthreshold light summated with the near-threshold 
x rays, the result might still be in the blue-appearing range. In his second 
experiment the eye was partially light-adapted by the light stimulus which 
was at a high enough intensity to appear coloured. Therefore the x rays 
were probably so far below the then existing threshold that they could not 
be expected to have any effect on the eye. 

Bossalino’s experiments were ingenious and should be quite informative 
if repeated with sufficiently intense x rays. 


Scotomata of the Fovea and of the Blind Spot.—Various experimenters have 
tried to determine whether cones responded to x rays by searching for an insensi- 
tive region of the retina, corresponding to the rod-free area of the fovea. Dorn 
(1898) found that 1-6 and 2:0 mm. diameter pencil beams failed to arouse a 
phosphene in only one retinal location, which corresponded to the head of the 
optic nerve. Godfrey, Schenck, and Silcox (1945), on getting the same results 
with a 1 mm. diameter beam, concluded that cones responded to x rays. However, 
they apparently believed that the rod-free area was about the same size as the 
optic nervehead—about 6 visual degrees wide, corresponding to 1-8 mm. on the 
retina. Present-day belief is that the rod-free area is not larger than” 4 degree 
(0-15 mm.) in diameter. So only a beam of less than 0-15 mm. diameter would 
be small enough to show any insensitivity of that area, and no conclusions can 
properly be drawn from their results. 


CONCLUSIONS 

Site of Action—It had been assumed by the above workers that since the retinal 
sensitivity to x rays increases during dark-adaptation, and since an increase in 
visual purple concentration is the only change occurring in the retina during dark- 
adaptation, then x rays must act on the‘visual purple. And, if they do not act 
indirectly, by producing fluorescence which affected the visual purple, then they 
must act directly on the visual purple. But, it has recently been shown that in 
dark-adaptation from room lighting levels the change in concentration of visual 
purple is negligible (Rose, 1948*; Lipetz, 1953; Rushton and Cohen, 1954*; 
Wald, 1954*), so that that argument collapses. 

The principal change in the retina during dark-adaptation has been shown to be 
a decrease in the number of photons which must be absorbed by retinal photochemi- 
cals in order to produce a response in the optic nerve. At maximum sensitivity, 
a single photon, absorbed in and disrupting a single molecule of photochemical, 
is sufficient to activate a photoreceptor cell. The neural cells require over 1,000 


‘ times as much energy for activation. The energy absorbed from x rays by the 


retina is not absorbed specifically in any particular cell or locus. Therefore it seems 
reasonable to expect the x rays to affect first the most energy-sensitive part of the 
visual system, that is, the photochemical molecule. 
Photoreceptors Involved.—The visual response to x rays resembles in the follow- 
ing particulars the response of the rod-dominated retina to light: 
(1) the rate of dark adaptation, 


(2) greatest sensitivity in the peripheral retina, 
(3) the b-wave type of retinal action current. 





* See Additional References. 
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So it appears probable that the rods, of which the photochemical is visual 
purple, are excited by x rays. 

The dark-adapted eye is dominated by rod activity, so any cone activity would be 
hard to detect. But the very fact that the x ray phosphene is seen in colours other 
than the greatly desaturated blue of rod-dominated vision, is evidence that the 
cones, which are known to be concerned in colour vision, are affected. The only 
cone photochemicals which as yet have been identified are the iodopsins, which 
differ from visual purple only in having a different protein attached to the carotenoid 
chromophore. And if visual purple is affected by x rays, they would probably 
be, also. , 


TEST OF THESE CONCLUSIONS.—An attempt was made to test the above- 
developed hypothesis that the x ray phosphene results from a direct action 
of the rays on the photochemicals of the rods and cones (Lipetz, 1953, 
1955). The “ phosphene” was detected objectively by measuring the 
discharge of nerve impulses at single ganglion cells on stimulation of the 
in situ frog retina with light and with x rays. These stimuli were found to 
evoke discharges indistinguishable in types and latencies. Stimulation 
with either x rays or light raised the response thresholds to both. Both 
thresholds dropped during non-stimulation. 

A “ fatiguing ” or injurious action of x rays was found, in that x rays, but 
not light, produced a reversible drop in the ganglion cell action potential, 
and reversible immediate and cumulative rises in the thresholds. The 
threshold response was dose-dependent (dose being the product of intensity 
and duration of the stimulus) for up to 6 seconds of stimulus duration for 
light but only 2 seconds for x rays. It was suggested that these differences 
resulted from a reduction in the selective permeability of the retinal neurons, 
brought about by the ionizations from the x rays. 

It was pointed out that these scotopic threshold responses to illumination 
are known to depend on the energization of visual purple by light. 

X rays in doses of over 10’r and high-energy particles in doses of over 10’rep 
produced bleaching of the visual purple in the frog retina. This bleaching 
was only in small part caused by heating of the retina. Unlike light, bleach- 
ing doses of ionizing radiation also denatured the proteins of the retina. It 
was found that the ratio of bleaching dose to threshold visibility dose was 
100 million to 1 for x rays and between 12 million to 1 and 200 million to 1 
for light. 

It was calculated that a threshold x-ray dose released in the visual purple 
from 2 x 10° to 8 x 10° erg/cm.? of retina, which was from } to 160 times the 
energy calculated to be released in the visual purple by threshold light. This 
accorded with the expectation that x rays, which act through ionizing 
particles having a higher average energy than the light photons, would be 
more wasteful of energy than light in energizing the visual purple molecules. 

All the above findings are consistent with, but do not prove, the hypothesis 
that the x ray phosphene in the dark-adapted retina is produced through a 
direct action of the rays on the visual purple of the retina. 
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EFFECTS OF X RAYS ON THE VISUAL SYSTEM 
OTHER THAN THE PHOSPHENE 


INDIRECT ACTION OF X RAYS ON THE VISUAL SYSTEM 

Kektcheev and Anissimova (1939) and Kektcheev (1941) reported that 
x-ray irradiation of any portion of the body produced a statistically signifi- 
cant drop in the human absolute threshold for light for several subsequent 
days. However, this treatment could also cause a rise in threshold, depend- 
ing on “ the intensity and duration of the excitation, as well as the state of 
the subject’. These experiments need independent confirmation before 
the findings can be accepted. 

Furchtgott (1952) found that whole body x-irradiation of rats with 370- 
470r produced a slight retardation for several days afterwards in their 
learning to choose between two grey cards on the basis of brightness. A 
low light level (about 0-1fc.) was used. He considered the results to be 
significant and the effect to originate from a change in the visual receptor 
system. 


STIMULATION OF NON-VISUAL SENSATIONS IN THE VISUAL APPARATUS 

Robertson (1896), who was completely blind from atrophy of the optic 
nerves, reported that x-irradiation produced in his right eye, but not his 
left eye, a pulsation which had nothing in common with the sensation of 
light. The pulsation may have been induced by the electric discharge rather 
than the x rays, since he found that the sparks of the induction coil gave a 
more intense sensation than did the focus tube. 

Kolle (1897) reported that after lengthy exposure to x rays normal subjects 
got a “‘ shooting-star ” light sensation which could be cut off by interposing 
a steel plate in the x-ray beam. The sensation was accompanied by headache, 
and supra-orbital and deep-seated pain in the globes of the eyes. 

Foveau de Courmelles (1898) tested 204 blind children with x rays. He 
wrote (my translation): 


Two almost completely blind’ persons, a 15-year-old boy with ophthalmia, and a 
21-year-old girl with atrophy of the globe and cyclitis on the left and iridocyclitis 
with calcareous cataract on the right, have indicated pain in the eyes during the putting 
into operation of a Crookes’ tube; that pain continued throughout the duration of the 
experiment for the young lady, and ceased at once for the boy. 


| History of the Radium Phosphene 

Giesel (1899) was the first to isolate a large amount of fairly pure radium 
salt. He soon discovered that if the radiim preparation were brought right 
up to the eye, a very clear glow was perceived even with the eyelid closed. 
He attributed this to the becquerel rays from the radium and suggested that 
they caused the media of the eye to fluoresce. He successfully demonstrated 
this phenomenon at the Congress of Naturalists in Miinich (and thereby 
probably obviated much controversy as to the “ reality ” of the phenomenon). 
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Himstedt (1900) borrowed the preparation and found that persons blinded 
by clouding of the cornea or lens could get a sensation of light from the 
radium; with Nage) he conducted elaborate experiments to determine the 
process by which the radium radiations affected the eye (Himstedt and Nagel, 
1901). By 1903 strong radium preparations were more generally available, 
and in England Hardy and Anderson (1903) made the most thorough of 
the studies to date on the phosphene. 

A few other studies showing the visibility of radium rays (Giesel, 1902; 
London, 1903a,b, 1904; Javal and Curie, 1904; Gjerts, 1904; Miethe, 1904) 
were made up to 1904. Only one study has since been published, a doctorate 
thesis (Thier, 1933) on the electrical response of the frog eye to radium rays. 


“ Curing” Blindness with Radium.—Newspaper misrepresentation of 
the work of London (1903a,b; 1904) created a popular belief that vision could 
be restored to the blind by merely putting radium against their eyes. 
Crzellitzer (1903) and Holzknecht and Schwarz (1903) denounced this belief, 
as did Greeff (1904a) in an official report. Later, Greeff (1904b) denounced 
both the belief and London. London (1904) replied that his own published 
articles clearly stated that radium did not restore vision, and invited Greeff 
to read those articles. 

Javal and Curie (1904) used radium to produce a light sensation in partially 
blind subjects. Javal later announced that because of inaccurate newspaper 
reporting of their work he had received many pitiful letters from blind 
persons asking him to restore their sight with radium, and added that he 
had written in reply, “ to end their chimaeric hopes”. 





Characteristics of the Radium Phosphene 


APPEARANCE.—The sensation aroused by radium ‘has been described as a 
diffuse, general glow (Greeff, 1904a) that felt either as if the whole eye were 
filled with light (Himstedt, 1900; Himstedt and Nagel, 1901) or as if there 
were in front of the head a bright space with indistinct boundaries (Hardy 
and Anderson, 1903; London, 1903b). Thier (1933) has emphasized that 


this space appeared to be, not flat, but a concave or convex surface. 


SIMILARITIES TO THE LIGHT PHOSPHENE 

Dark-Adaptation.—Hardy and Anderson (1903) observed that sensitivity to the 
radium phosphene increased with dark-adaptation. London (1903b) showed that 
if one eye were dark-adapted and the other not, only the dark-adapted eye ex- 
perienced the phosphene. 

Regional Variations in the Retina’s Sensitivity—London (1903b) and Thier 
(1933) both noted that the light sensation produced by radium was strongest when 
localized in the periphery of the visual field. London further tested this by so 
placing two radium preparations of equal strength that, when one was viewed 
centrally, the other was viewed peripherally, and he found that whichever was 
viewed centrally appeared the weaker. This is also true for dim light sources. 
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Electrical Responses of the Eye -—Himstedt and Nagel (1901) tried to produce an 
action current in the frog eye with radium, as could be done with light, and at- 
tributed their lack of success to the weakness of the radium preparation they used. 
Waller (1903) wrote that he had succeeded at this, but gave no details. 

Thier (1933) found that the excised, dark-adapted, whole eye of the frog showed 
an action current in response to exposure to radium much like that in response to 
light. He concluded that the reaction to the radium rays was localized in the 
retina for the following reasons: ' 

(1) Halved eyes (from which cornea, lens, iris, and vitreous humour had been 
removed) reacted to the radium with nearly the same shape action current as did the 
whole eye. 

(2) If the retina were removed, the eye no longer responded to the radium rays. 

(3) An isolated retina gave an action current. This action current was negative 
in relation to that of the eye. 


DIFFERENCES BETWEEN THE RADIUM AND LiGHT PHOSPHENES 

Colour.—Greeff (1904a) wrote of the radium phosphene as “sea-green”, and 
Failla (1932) mentioned that it is greenish. This is in contrast to the desaturated 
blue colour of dim light. 

Localization and Shadowing of the Radium.—Himstedt and Nagel (1901) found 
that interposing a lead sheet 1 cm. thick between the radium and the eye cut off 
the light sensation. If various shaped openings were made in the sheet, the light 
sensation aroused by the emergent radiations was the same no matter what the 
shape of the opening. The intensity varied with the size of the opening, but it 
always appeared that the whole eye was filled with light. With x rays, as with 


light, the phosphene is limited in extent and changes in shape when the opening is 
changed, so it is apparent that the two phosphenes differ in mechanism from the 


radium phosphene. 
The radium phosphene was found to be stronger in that part of the visual field 


corresponding to the location of the radium, and was strongest when the axis of 
vision was directed at the radium (Himstedt and Nagel, 1901; London, 1903a,b; 


Hardy and Anderson, 1903; Thier, 1933). Hardy and Anderson explained this 
directionalized brightness as a pinhole “lens” effect of the orbital bones on the 


beta particles from the radium. 


Experiments on the Mechanism of the Radium Phosphene 

LACK OF DIRECT EFFECT OF RADIUM ON THE CENTRAL VISUAL SYSTEM 

Effect on the Brain—A strong radium preparation was found to produce a 
light sensation, even when placed at the back of the head (London, 1903a,b; Hardy 
and Anderson, 1903; Thier, 1933). London believed this was a direct effect on 
the brain, but Hardy and Anderson demonstrated that the phosphene occurred 
only when the axis of greatest radiation density from the radium preparation cut 
one or the other eyeball. They concluded that there was no stimulation of the 
brain and that the phosphene originated solely in the retina. 

Effect on the Optic Nerve——Even though the optic nerve was still in good con- 
dition, no radium phosphene was aroused in a freshly eviscerated eye, while it was 


aroused in the subject’s normal eye (London, 1903b). This showed that the radium 
phosphene was elicited via the retina. 
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IMPORTANCE OF THE RETINA FOR PERCEPTION OF THE RADIUM PHOSPHENE. — 
The ability of radium rays to arouse a sensation of light in blinded persons 
was tested many times (Himstedt, 1900; Javal and Curie, 1902; London, 
1903a,b; Greeff, 1904a). The experimenters all concluded that the radium 
phosphene could be perceived only if the eye were capable of perceiving light 
and still had intact some retina and the central visual pathway. 


FLUORESCENCE OF THE EYE MepIA.—All parts of the eye, and in particular 
the refractive media, were found to fluoresce when exposed to radium 
(Himstedt and Nagel, 1901; Exner, 1903; Hardy and Anderson, 1903). 
Thier (1933) showed that this effect was produced solely by the beta rays 
from the radium. All these experimenters believed, as did the discoverer 
Giesel (1902), that this fluorescence was the basis of the radium phosphene, 
and in all probability, it is the basis of the beta particle phosphene. 


ACTION OF THE BETA PARTICLES.——Hardy and Anderson (1903) found that the 
radium phosphene was considerably dimmed by closing the eyelid or holding 
a lead sheet over the eye so as to stop all the beta particles. Deflecting the 
beta particles away from the eye by a strong magnetic field reduced the 
phosphene to about one-fifth its previous brightness. 

Thier (1933) found that the action current in a halved frog eye was much 
reduced when the beta particles were prevented from reaching the eye. 

These observations prove that the greatest portion of the radium phosphene 
is produced by the beta particles. They probably act on the eye by inducing 
fluorescence in the ocular media, as described above. 


ACTION OF THE GAMMA RAYS ON THE RETINA.—Hardy and Anderson 
(1903) found that even after the beta particles were preventéd from reaching 
the eye, radium still caused a dim phosphene. When a picce of lead 4 cm. 
thick and 2 mm. wide was moved between the radium and the eye, a bar of 
shadow. was perceived to move across the background glow. Hardy and 
Anderson concluded that the shadow must have been produced on the 
retina itself by the gamma rays. This showed that the gamma rays can act 
in a manner similar to x rays, and is the probable explanation of the shadows 
observed by Miethe (1904). 

Their work was corroborated by Thier (1933) who found that gamma rays 
alone were sufficient to produce an action current, though a weak one, in 
exposed frog eyes. 


BLEACHING OF VISUAL PURPLE BY RADIUM.—In an attempt to determine 
whether radium acted on the visual purple to produce the phosphene, dark- 
adapted retinae were exposed to radium, but with no effect on the visual 
purple (Hardy and Anderson, 1903; Greeff, 1904a; Birch-Hirschfeld, 1904). 
The latter also found no change in the photo-mechanical adaptation of the 
retina. These failures with near-threshold intensities of radium radiations 
were to be expected, since near-threshold intensities of light, also, have no 
effect. 
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CONCLUSIONS 

The Beta Particle Phasphene.—The finding that when beta particles were pre- 
vented from reaching the eye the radium phosphene dimmed to one-fifth of its 
previous brightness shows that the beta particles are responsible for almost all of 
the usually observed radium phosphene. Since the beta particles are not sufficiently 
energetic to penetrate through the eye to the retina, they cannot be affecting the 
retina directly and so must be affecting it indirectly by producing fluorescence in the 
eye. This is confirmed by the finding that absorbers inserted in the path of the 
radium radiations did not produce recognizable shadows but merely dimmed the 
phosphene. A further confirmation is the finding that beta particles caused all 
parts of the eye to fluoresce strongly and with a colour like that of the phosphene. 

The Gamma Ray Phosphene.—Even when beta particles were screened from the 
eye, a weak phosphene was observed from the extremely penetrating gamma rays. 
Sharp shadows in the phosphene could be produced by thick absorbers in the path 
of the rays. Since the gamma rays can easily penetrate to the retina, and since 
they have not been found to produce noticeable fluorescence of any part of the 
eye, it is probable that they act, as do the x rays, by breaking down the photo- 
chemicals in the rods and cones. 


EFFECTS OF RADIUM ON THE VISUAL SYSTEM 
OTHER THAN THE PHOSPHENE 


Non-VISUAL SENSATIONS.—Failla (1932) mentioned that with a tube of as 
little as 10 mg. radium held close to his eyes, he saw a “ greenish glow, 
accompanied, in my eye at least, by a peculiar sensation ”’. 


“ FATIGUING ” ACTION.—Himstedt (1900) found that after a radium 
preparation and a dummy packet had been placed ten to fifteen times in 
random sequence on the two closed eyes, many persons could no longer 
distinguish on which eye the radium packet had been placed. He suggested 
that the cause was a prolonged after-glow of the fluorescence in the ocular 
media, since that afterglow would reduce the contrast of the immediate 
radium phosphene. Exner (1903) tested this on excised animal lenses, but 
did not see any afterglow, though the lenses fluoresced strongly during the 
irradiation. 


Thier (1933) demonstrated objectively on the opened frog eye that repeated 
exposures to radium reduced the ability of the retina to respond to radium 
or light. This effect was greater for the (more heavily ionizing) beta particles 
than for the gamma rays. The mechanism of this effect is not known. 


Summary of Conclusions 
On the basis of a critical review of the literature, evidence and arguments 
are presented that the most probable mechanism of the x ray phosphene 
is the breakdown of the photochemicals in the rods and cones of the retina 
by the ionizing action of the rays. 
It is concluded that the radium phosphene consists of two phosphenes; 
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one caused by the beta particles from the radium, and a much dimmer 
one caused by the gamma rays from the radium. The beta particles act »y 
producing fluorescence within the eye. The gamma rays (like the x rays) 
probably act by breaking down the photochemicals in the rods and cones. 


The scattered literature was made accessible for this review by the University of California’s 
Inter-library Loan Service The major portion of this study was done as part of a doctorate 
thesis (Lipetz, 1953). Much of this work was done while the author was a predoctoral fellow in 
the biological sciences of the Atomic Energy Commission. The preparation of this paper was 
aided by a Fellowship from the National Foundation for Infantile Paralysis. 


SOURCE MATERIAL 


ON THE X RAY PHOSPHENE 

Reviews.—Comprehensive reviews of the literature of the x ray phosphene were made 
by Dor (1897), Birch-Hirschfeld (1910), Apatoff (1910), Nagel (1911), Tschermak (1929), 
and Gifford and Barth (1934). Ronchi (1951) reviewed the work of Bellucci (1951), and 
his article was in turn reviewed by Genaud (1952). A review by Desjardins (1931) is 
rather garbled; those of Birch-Hirschfeld (1904), Guglianetti (1909), and Rohrschneider 
(1930) are especially well presented. 


Bibliographies.—All the literature dealing with x rays is listed by Glasser (1933) for the 
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ON THE RADIUM-RADIATIONS PHOSPHENES 

Reviews.—The literature on the phosphenes produced by radium radiations is reviewed 
by Birch-Hirschfeld (1904, 1910), Nagel (1911), Desjardins tai and Thier (1933). 
None of these lists is very complete. 


BIBLIOGRAPHY OF THE X RAY- 
AND RADIUM PHOSPHENES 
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complete*. . Grouped with each piece of original work under the first author’s 
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overlooked works on the phosphenes. 
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PROBLEM OF ORBITAL IMPLANTS AFTER 
ENUCLEATION*t 


BY 
H. ARRUGA 


Barcelona 


GREAT efforts have been made by ophthalmologists in the last 10 years to 
design an implant conveying good prosthetic mobility, to offset in part the 
tragic result of excision. The immediate success of the implants aroused 
enthusiasm, but subsequent complications, including suppuration and 
expulsion, have led to further modifications. So frequent were these dis- 
appointments in spite of changes in technique that most ophthalmologists 
returned to the idea of a less mobile implant, which would neither cause 
suppuration nor be expelled. 

It became evident that these complications were due to the fact that where 
part of an implant protruded through an open wound, the wound rarely 
healed. As I had the same disappointments as others with this technique, 
I used a three-quarter sphere plastic implant with tunnels through which the 
four recti were drawn and sutured. This implant was en buried 
and had no peg attached to it. 

My friend Moura-Brazil had observed that if an implant had a peg buried 
some distance from the conjunctival wound, it would slowly perforate the 
conjunctiva without any visible wound being formed around it. Since this 
implant had certain defects of shape in my opinion, he and I agreed to add 
a peg to my implant, to employ his method of conjunctival suture and to 
name this the Arruga-Moura-Brazil technique. The result is an acrylic 
implant 3/4 or 2/5 of a sphere of 16-18 mm. diameter with one or two non- 
corrodible metal pegs 1 mm. thick and 7 mm. long projecting from the 
upper part of its anterior surface (Figs 1 and 2). 








Fic. 1.—Implant Type I with Fic. 2.—Implant Type 'I with 
one peg. two pegs. 
*Received for publication May 20, 1955. + Montgomery Lecture, Dublin, 1955. 
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Operation I te 

The conjunctiva and episclera are dissected posteriorly as far as the insertions 
of the recti tendons. A suture is passed through each tendon which are then 
divided close to their insertions. The eye is excised using Foster’s snare to 
diminish haemorrhage. The implant is placed with two pegs protruding forward 
from its upper surface. The tendons of the vertical recti muscles are passed through 
the tunnels of the implant and sutured together; the tendons of the horizontal 
recti are treated similarly. An additional suture is passed through all four tendons 
as a precaution in case one of the other sutures slips. Sulphonamide or penicillin 
powder may be inserted into the wound and the conjunctiva and Tenon’s capsule 
sutured in such a way that the pegs are buried, but not included in the wound. 

The conjunctival sutures are removed a week later. The pegs slowly perforate 
the overlying tissues in 2 to 4 weeks. Should this be delayed, a small cut over the 
tissues on top of the peg will complete the process (Figs 3-8, opposite). 

The post-operative course is generally uneventful and a provisional prosthesis 
that need not be provided with holes for the pegs can be fitted, since its role is to 
prevent the retraction of the fornices. 

Prosthesis.—A semi-final acrylic prosthesis can be fitted 2 or 3 months after the 
operation—I say “ semi-final ” because in most cases the orbital contents retract 
and a new prosthesis has to be made. In some cases the position of the pegs alters 
so that a new prosthesis is required or new holes must be drilled on the back of 
the old one. 

The mobility of the prosthesis is generally very satisfactory, although it varies in 
each case; movements are generally 50-70 per cent. of the normal horizontally 
and 40-60 per cent. vertically. 

The problem whether the implant should have one or two pegs is a matter of 
opinion. The single peg has the disadvantage that the prosthesis may rotate 
around it. To avoid this rotation, a single-peg prosthesis must be provided with 
a prominence which enters the fornix and thus limits movement in that direction. 
The prosthesis is usually made with the prominence upwards, since in this direction 
movement is least important; moreover, it largely eliminates the superior palpebral 
furrow which is an almost constant complication of prostheses after some years 
(Fig. 9, overleaf). If the twin-peg implant is used this prominence is unnecessary: 
mobility is then greater (Fig. 10, overleaf) but the retraction into the upper lid 
still occurs. : 

Results.—Since 1951, when I started to use the technique described, I have 
performed 39 operations, using implants with either one or two pegs. The im- 
mediate results are almost constantly excellent, but complications may sometimes 
occur that make a further operation necessary. The complications I have observed 
are as follows: 

(1) A 10-year-old girl—14 months after operation with a perfect result, the prosthesis 
suddenly turned upwards. An oculist operated and found the inferior rectus detached 
and inaccessible, and 2 months later the same thing happened to the external rectus. 1 
therefore removed the implant and inserted a buried plastic sphere. 

(2) A 24-year-old man.—After he had worn the prosthesis for 2 years, sudden exophthal- 
mos occurred with pain and fever, but no manifest conjunctival suppuration. Conjunctival 
chemosis made the prosthesis unwearable. Sulphonamides, penicillin, and streptomycin 
brought about recovery from the inflammation in 6 days. He has now worn the prosthesis 
for 3 months with no trouble, 











ORBITAL IMPLANTS AFTER ENUCLEATION 


Fic. 3.—I (1) Disinsertion of four recti; Fic. 4.—I (2) Internal and external recti 
a thread passed through each tendon. passed through holes of the implant. 


Fic. 5.—I (3) Superior and inferior recti Fic. 6.—I (5) Threads knotted and suture 
passed through holes of the implant. passed through all four tendons. 


Fic. 7.—I (6) Suture of conjunctiva. Fic. 8.—I (7) After a few days the pegs 
The pegs are covered by the conjunctiva. perforate the conjunctiva. 
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Fic. 9.—Artificial eye for one peg with Fic. 10.—Artificial eye for two pegs. 
prominence upwards. 


(3) A 26-year-old woman.—Operation with immediate’ good resuk despite intense 
bleeding. The wound gradually enlarged, reaching the base of the peg 2 months later. 
Intense and obstinate suppuration obliged me to remove the implant. 

(4) A 43-year-old male.—The operation was difficult because old inflammation had 
left a thin and friable conjunctiva and episclera. At the end of the operation the peg 
was visible through the tissues, and 2 weeks later the conjunctiva perforated and the 
wound became progressively larger. I then covered the implant with mucous membrane 
from the lip with a good result which remained satisfactory for 6 months when the patient 
was last seen; since then I understand this state of affairs has continued. 

(5) A 27-year-old male.—The operation was followed by an excellent result, but 8 
months later the prosthesis slowly deviated upwards and outwards. The patient’s own 
oculist observed that, despite this, the mobility was good in all directions. Drilling 
another hole in the back of the artificial eye rendered the appearance satisfactory, and it 
remained so 3 months later. Possibly a partial disinsertion occurred, but nearby ad- 
hesions preserved the action of the muscle. 

The other cases were uncomplicated, apart from discharge, but this is no greater 
than is produced by an artificial eye without an implant. No treatment is needed 
except boric lotion twice a day. 

Consideration of the complicated cases has led me to wonder whether, when 
disinsertion of the tendons occurs late-(in one of my cases 14 months after 
operation), it may be due to necrosis of the tendons from the tightness of the 
sutures, or to a low grade infection around them. In view of this, I have devised 
a new technique, leaving a scleral ring to which the four recti remain inserted. 
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Modified Technique 


Operation II.—The conjunctiva is dissected from the limbus almost to the 
equator and the cornea is excised close to the limbus. The contents of the eye 
are removed as in an exenteration. There is no need to stress the “ cleaning ” 
of the posterior hemisphere of the sclera, since this is excised. 

Through the corneal opening, the sclera is seized with firm-toothed forceps at 
about 10 mm. from the limbus, and the sclera is cut all round so that a scleral ring 
containing the insertions of the four rectus muscles is left extending from the limbus 
to the proximity of the equator. The posterior portion of the sclera is then pulled 
outwards, and the obliques and the optic nerve are cut (Figs 11-14). 

The implant is introduced between the lateral and inferior recti so that it fits 
into the scleral ring from-behind. Two small holes are pierced with a cataract 
knife in the borders of the limbus. Through these, the two pegs are passed, 
the conjunctiva and Tenon’s capsule are sutured, and these tissues cover the pegs. 
The stitches are removed a week later (Figs 15-18, overleaf). 


Implant.—The acrylic implant for this operation has a different shape, namely that 
of 3/4 of a sphere of 18 mm. diameter (Fig. 19, overleaf). The edge is smooth 
and the two pegs are about 10 mm. apart, their length being 7 mm. The 
advantage of this type is that it avoids leaving buried sutures and that there are 
no corners where blood could collect and become a focus of infection. 





Fic. 12:—II (2) Eye contents removed. 
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Fic. 13.—II (3) The sclera is cut all round Fic. 14.—II (4) The space between the 
«t about 10 mm. from the limbus. muscles is enlarged with the scissors. 








through the holes. 


Fic. 19.—Implant Type II. 





Fic. 15.—I1 (5) The implant is introduced 
between the lateral and inferior. recti. 





Fic. 17.—II (7) The pegs are passed 
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Fic. 16.—II~ (6) Two small holes are 
pierced in the borders of the sclera. 





Fic. 18.—II (8) Suture of conjunctiva 
and Tenon’s capsule. Pegs covered. 


This second method has»the disadvantage 
that it cannot be applied in cases of sarcoma 
of the choroid since handling of the tumour 
might cause local implantation or metastasis. 

I have used this technique in five cases and, 
although the results are so far excellent, we 


_ Must wait at least 2 years before we can be 


sure that it is an improvement’ on the other. 
It has given me great pleasure, however, to 
describe this method for the first time to the 
Irish Ophthalmological Society, who have so 
greatly honoured me by their invitation to 
deliver the Montgomery Lecture. 
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CENTRAL SEROUS RETINOPATHY* 
BY 


GEORGE BENNETT 
Southampton 


Most reports on central serous retinopathy are prefaced by a summary of 
the literature, which has now attained considerable proportions. At the 
risk of needless repetition it is proposed to recapitulate the salient points of 
this interesting history, with particular reference to indigenous material. 


Although this condition was well described by von Graefe (1866), it was not 
until after the first world war that coherent observations with multiple cases were 
forthcoming. With the exception of a few isolated cases described by Batten 
(1921), Cassidy and Gifford (1922), and Hudson (1926), these originated either in 
Japan or on the continent of Europe. Thus Kitahara (1936) was able to collect 
over 150 cases; Horniker of Trieste, who was particularly interested in this con- 
dition, reported many cases of his own and analysed those of Kitahara in a series 
of articles culminating in his classical treatise (Horniker, 1937). In this he drew 
attention to the functional angioneurotic nature of the disease—formerly it had 
been considered purely infective. 

The first series in the American literature was that of Walsh and Sloan (1936); 
shortly afterwards Gifford and Marquardt (1939) published a review and six cases 
of their own, and were able to confirm Horniker’s conclusions regarding the 
angioneurotic diathesis shown by the victims of this disease. 

Thereafter came the second world war and with it a spate of articles on this 
subject in the world literature, particularly from the oculists of the United States 
Navy (Cordes, 1944; Lucic, 1945; Borley and others, 1945; Harrington, 1946). 
Why so many cases (over 200) should occur in the U.S. Navy—but only in the 
Pacific, and not in the other services or in other theatres, nor among combatants 
of others nations—has greatly perplexed many investigators, and will be further 
considered at a later stage. 

Reports from the U.K., however, remained rare. Loewenstein (1941) described 
two cases; and Greeves (1941) collected eleven. The former considered tuberculo- 
allergy, possibly in connexion with an inborn angioneurotic constitution, to be 
the cause; the latter believed the condition to be a mild central type of choroiditis. 
Doggart (1945) discussed a number of cases, and later (Doggart, 1949) published 
a series of seventeen, which he had collected over 5 years. Two cases were men- 
tioned by Philps (1945) and one by Foster (1943). No aetiological conclusions 
were reached by the last three authors. Davenport (1954) reported a 
small number of cases, and Buxton (1954) collected 21, some of which 
however may not have been cases of central serous retinopathy. No adequate 
analysis was attempted. As fewer than sixty definite cases have been reported 
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in these islands, it might therefore be considered to be a condition of some rari y 
here, thereby justifying this publication of 27 cases collected over 3 years, at cn 
Eye Hospital serving a population of about 300,000. 


Definition and Clinical Picture 


Confusion with other types of macular oedema (e.g. due to radiational or concussional 
trauma, uveitis, or optic neuritis) and the macular degenerations, and the still-present 
misgivings on its aetiology delayed the emergence of central serous retinopathy as a 
well-defined entity and led to its description under a multitude of synonyms; with the 
possible exception of “ disciform degeneration of the macula” these should now be 
swept away. The text-book descriptions of Duke-Elder (1940), Elwyn (1946), and Savory 
(1951) can be said to be germane. Typically, the subject is an active, intelligent male 
aged 20-45. There is occasionally a history of earlier transient attacks of blindness. He 
complains of defective or distorted central vision, of sudden or indeterminate onset in one 
or, more rarely, in both eyes (but both not usually commencing simultaneously). Meta- 
morphopsia can always be elicited: this has been used as a diagnostic test for macular 
oedema (Amsler, 1953; Briickner and Field, 1945; etc.). The subject is more likely to 
be engaged in work requiring high-grade vision than in a “ labouring ”’ occupation. 
Ophthalmoscopy reveals a dark-reddish appearance of the macula with loss of the normal 
reflexes and often some retinal elevation. Fine punctate haemorrhages and yellowish- 
white spots may be observed; the vessels are usually normal, but occasionally constrictions 
and contiguous haemorrhages or infiltrations may be seen. The rate of appearance and 
progression of these changes varies widely from case to case. Resolution may ultimately 
be complete, though the “‘ oedema ”’ persists for 6 or more months, or a residuum of fine 
pigmented or atrophic areas, drusen-like spots, vesicles, or an actual “‘ hole ’”, may remain 
indefinitely. It is possible that the elevation, in certain cases, may not subside and may 
even enlarge further, becoming paler as the overlying tissues atrophy, producing a variety 
of the condition known as “ juvenile ” disciform degeneration of the macula (Junius, 
1930; Verhoeff and Grossman, 1937; Gifford and Cushman, 1940; Duggan, 1942; Adler 
and Scarlett, 1944; Lucic, 1945; Bedell, 1950; Klien, 1951, 1953), this condition in turn 
graduating insensibly with the “ senile” form of disciform degeneratién. 


Aetiology 


This is not yet known with certainty. There are two main factions, and some 
compromisers who combine elements of both schools. ~ 


(a) The protagonists of an infective theory. These formerly favoured a bacterial 
lesion (tubercular, syphilitic, coccal) but now rely on either an allergic or toxic process 
(Loewenstein, 1941; Briickner and Field, 1945; Bettman, 1945; Bothman, 1946; Scuderi, 
1948; Rosen, 1949; Carlberg and Gausland, 1953; Buxton, 1954), or virus (Borley and 
others, 1945), or toxoplasmosis (Rieger, 1952) infection. 


(4) Those who indict a primarily functional neurovascular lesion. Led by Horniker 
(1937), Bailliart (1938), and Gifford and Marquardt (1939), their position has been 
greatly strengthened by the work of Duggan (1942), Cordes (1944), Lucic (1945), Harring- 
ton (1946), Nicholls (1952), and Klien (1951, 1953) in the U.S.A., and also in general by 
the great awakening of interest in the effects of stress on the organism acting through the 
nervous and endocrine systems. Rightly or wrongly most diseases of obscure origin 
(e.g. essential hypertension, goitre, peptic ulcer, colitis, angina, asthma and bronchitis, 
peripheral vascular occlusion, Méniéres syndrome, acute rheumatism, various dermatoses, 
migraine, glaucoma) have lately been given a psychosomatic interpretation. Thus 
Zeligs (1947) showed that some men under fire in the front line showed reactions of fear; 
if these men also developed central serous retinopathy, it proved that fear was the cause 
of the condition. But what of the thousands who did not acquire central serous retin- 
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opathy but were afraid? Others (e.g. Alvarez, 1947; von Storch, 1947; Weiss and 
English, 1949; Campbell, 1951, 1952) adduced evidence to establish the neuro-endocrine 
nature of migraine, in some ways a related condition, with rather more conviction. We 
might add that although some cases of central serous retinopathy show evidence of ex- 
or endogenous mental complexes, and others give a history of other allergic conditions, 
or vasospastic diseases (such as peptic ulceration, chilblains, angina), this is by no means 
always the case. Again, stress, neurosis, and allergy are the lot of so many of mankind 
to-day that their presence in association with disease may often be merely coincidental 
and of no aetiological significance. 


It is probably, at this stage, best to steer a middle course, and while admitting 
that certain individuals—call them allergic, neurotic, endocrinopathic, vasculo- 
spastic, or what you will—are peculiarly susceptible to an attack, we should not 
rule out an immediate essential cause, possibly infective. The effect of mental 
states and hormone therapy on the body’s defence and reparative mechanisms 
against all kinds of insult and injury is now only just beginning to be understood. 
The mentally distressed or maladjusted can probably produce a variety of responses, 
all of. which equally well betoken his state of disharmony. He may show the 
primitive neurovascular reaction, well described by Cannon (1929), of spasm of 
smooth muscle; some neuro-endocrinal or metabolic abnormality; or some 
neuro-immunological deviation manifested by allergy or by infection. The par- 
ticular one chosen depends on the interplay of constitutional hereditary factors 
and chance circumstances. 


Pathology 


The clinical picture, and the few eyes that have reached the pathologist (Verhoeff 
and Grossman, 1937; Verhoeff, 1938; Terry, 1938; Lucic, 1945; Maumenee and 
Kornblueth, 1948; Laval, 1948; Klien, 1953) bespeak a non-specific lesion, initially 
functional and exudative with possible vasospasm and haemorrhages, followed by 
varying degrees of absorption and resolution, rarely with a mild degree of 
organization. Elsewhere in the body such a lesion would be considered trivial 
and would probably pass unnoticed, but the retina, with its considerable energy 
requirements and neural nature, responds badly to any trauma. The exact 
location of the lesion is in some doubt; it is probable that both retina and choroid 
are involved in most cases. 


Clinico-pathological problems still unanswered are these: 


(1) Why is the macula selected ? 

(2) Why is the condition usually uniocular ? 

(3) What is the relationship of central serous retinopathy to migraine ? 
(4) What is the true incidence of the disease ? 

(1) It is sometimes denied, especially by the Japanese, that the macula is always 
involved. As the sub-macular choriocapillaris is no different from the rest 
(Wybar, 1954) and the retina here possesses an excellent vascular network, we 
cannot incriminate a special anatomical reason. Radiational trauma, here 
maximal, is the probable factor with localizing significance (Horniker, 1937; 
Gifford and Marquardt, 1939; Cordes, 1944). Fuchs (1920, quoted by Cordes) 
believed that a cataract protects the macula from senile degeneration. This 
may also explain the frequency of central serous retinopathy in sailors, and 
in the South Pacific. 
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(2) This fact rather rules out any anatomical explanation and weakens the radia- 
tional theory. The migrainous affliction is also usually a unilateral one, and this 
tends to support the idea of a relationship between central serous retinopathy and 
migraine. 

(3) If central serous retinopathy is a vaso-spastic psychosomatic condition, 
then we should anticipate some connexion with migraine, in which, as we have 
noted, there is strong evidence suggestive of this aetiology. Unfortunately, the 
cross-reference is not convincing. Whereas migraine shows a predilection for 
women (two to four females to every male affected—von Storch, 1947; 
Duke-Elder, 1949), the reverse holds for central serous retinopathy. If we review 
the published cases in the U.S.A. and Europe according to sex from 1936 to 1955, 
we find a ratio of seven males to each female. Again, central serous retinopathy 
has never been reported as a complication of migraine (Walsh, 1947; von Storch, 
1947; Brain, 1947; Donahue, 1949; Duke-Elder, 1949; Campbell, 1951, 1952), 
and when retinal vascular changes occur (and this is a rare event—Sédan and 
Jayle, 1936; Graveson, 1949; Duke-Elder, 1949) these take the form of occlusion 
of the central retinal artery or one of its major branches, and occur usually in females. 
While it is possible that the scintillating scotoma may be retinal in origin (see Walsh, 
1947), the absence of a symptom so startling and unforgettable, and indeed the 
reported rarity of any typical migrainous attacks in patients suffering from 
central serous retinopathy makes us doubt whether there exists any firm aetiological 
relationship between the two diseases. Similarly, retinal arterial spasm is only 
rarely associated with Raynaud’s disease (Anderson and Gray, 1937). 

(4) Various authors, commencing with Batten (1921), have repeatedly stressed 
that central serous retinopathy is probably much commoner in most countries 
than is generally believed, and as common in Europe as in Japan. Cases ‘vith 
mild transient obscurations (amaurosis fugax, “‘ black-outs ’’) often do not reach 
the oculist, or show no abnormality when they do. Many attacks, if not bilateral 
and not too severe, may pass unnoticed by the subject, or may be considered of no 
consequence, unless the subject is engaged on work requiring fine macular vision 
(e.g. map or vernier reading or draughtsmanship) and/or is a rather intelligent, 
introspective type of person. It is well known that minor, and even at times major, 
visual loss excites little immediate response on the part of the victim; he usually 
waits a few days at least to “ see if it gets better before seeking advice. 


Therapy 

The treatment recommended depends largely on the oculist’s conception of the 
disease. Thus it may vary from the exhibition of vasodilators, diuretics, and 
sedatives and even psycho-analysis, to the mass-elimination of septic foci and 
antibiotic therapy. The true value of these, and of cortisone, which theoretically 
(Fritz, 1951) should be efficacious, is difficult to assess owing to the rarity of the 
condition in the experience of most authors, and the frequently noted tendency 
for full spontaneous recovery. Thus, while Greevés’ cases mostly recovered 
fully, Doggart advised a rather cautious prognosis. Ridley (1954) even finds a 
place for cervical sympathectomy in stubborn cases. 


Present Series 
The author’s cases number 27; 22 of these conform to the typical clinical 
picture of central serous retinopathy, and the remaining five differ only by 
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virtue of the permanent and, to some extent, progressive nature of the retinal 
elevation combined with an excess of degenerative changes. We will therefore 
in some particulars consider these two groups separately, although many 
investigators claim no essential differentiation in the aetiology, the basic 
lesion in disciform degeneration of the macula being a rupture of Bruch’s 
membrane with transudation of plasma or blood (Ashton and Sorsby, 1951; 
Frayer, 1955). 
(1) Age and Sex Analysis.—This is shown in Table I. 
TABLE I 
AGE AND SEX DISTRIBUTION 








Age Group (yrs) ... ... 25—34 | 35—44 | 45—54 
8 rhe aaa 








Retinopathy — 1 1 
8 4 2 
1 














Disciform _ a | 
Degeneration | 
| 














of the Macula “20h 








4 








Grand Totals... ... 4 | 3 | | 27 





The usual preponderance of males obtains, here attaining a ratio of 4-5 to every female 
for the central serous retinopathy cases, or 3-5 : 1 for all cases. Only three series in the 
literature show an excess of females—those of Stenstr6m (1943) with four females out of 
five, Doggart (1949) with fourteen out of seventeen, and Buxton (1954) with fifteen out of 
twenty-one. Whilst Stenstrém admits his ratio is probably fortuitous, the English 
authors offer no explanation. Chance can be ruled out in all three instances (P< 0-01). 
The age groups show a fairly even distribution, but the disciform degenerations are 
confined, as might be expected, to the older groups. Under age 45 we have fifteen cases 
(55-5 per cent.), and twelve cases (44-5 per cent.) are aged 45 or over, counting disciform 
degenerations. 

The proportion of people aged 15-44 living in England and Wales in 1953 is 53 per cent. 
of the total population over 15 years of age; for males only, the corresponding figure is 
56 per cent. (Central Statistical Office, 1954). These proportions do not differ at all signifi- 
cantly from ours (P>0-95). Even if we exclude the disciform degenerations, thereby having 
68 per cent. of cases younger than 45 years, the difference still does not attain significance. 
We may therefore conclude that though the condition shows a preference for males, it is 
liable to affect those in all adult age-groups fairly equally. 


(2) Occupational Analysis.—Table II (overleaf) shows the occupational status of our 
patients. Twelve of the eighteen males with central serous retinopathy required a high 
degree of visual discrimination for their work, not counting the three salesmen; of the 
remaining three individuals, two had severe bilateral affections, and the third had a severe 
unilateral attack whilst resident in a sanatorium. One of the four women required good 
acuity for her work (teacher), another had severe bilateral disease, and the other two had 
severe attacks in one eye. Seventeen of the 22 central serous retinopathy patients performed 
work which could be said to carry a fair degree of responsibility; of the five others, three 
had severe bilateral and two had severe unilateral involvement. If we consider the 
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TABLE II 
OCCUPATIONAL ANALYSIS 




















Female | Housewife nen ak | 2 
/ 


Condition | Sex | Occupation No. of Cases 
Seaman ... ‘ap aap 2 (one bilateral) 
Draughtsman ... _... | 3 (two bilateral) 
Fitter ar nya 4 
Salesman 3 
Male Inspector 1 
Central (18) Accountant (student) ane 
Serous Labourer ... _.. a 1 (bilateral) 
Retinopathy Kitchen worker... a 1 (bilateral) 
22 Unemployed si ji 1 
Pharmacist (student) oo 1 (bilateral) 
Female | Housewife .. sad 2 (one bilateral) 
(4) Teacher and ‘housewife Ss 1 
Hairdresser and housewife 1 (one attack bilateral, 
one unilateral) 
Disciform 
Degeneration Male Fitter : bate ee 2 (one bilateral) 
of the (3) Retired labourer — 1 
Macula 
(5) | 





disciform degeneration cases, the two still working both required good foveal vision; 
all five however had suffered visual loss in both eyes, from simple macular degeneration if 
not from disciform degeneration. It is not easy to conclude from all this whether the 
condition shows a predilection for persons engaged in responsible, worrying work or 
whether these are the people most likely to discern an attack and seek advice, especially 
if only one eye is affected, and that to a mild degree. This might explain the high ratio 
of males to females and the prevalence in the U.S. Navy (two of the author’s cases were 
seamen) where a high visual standard is not only required but is actively pursued; but it 
does not account for its rarity in the air forces, and in the other navies of the world to-day 
and in the past. The author can however recall seeing two cases of macular scarring when 
examining British naval pensioners in 1945; though then ascribed to shell-flash burns, on 
retrospection a more likely diagnosis would have been old central serous retinopathy, 
as the history of exposure in both cases was rather vague and unsubstantiated. Perhaps 
** shell-shock ”, would have been a more succinct description of the condition. 


(3) Laterality—Table III (opposite) indicates the site of involvement. Cases bilateral 
at one attack and unilateral on another are counted as “ bilateral”. 

The present series exemplifies the well-known tendency for only one eye to be affected; 
the 2 ; 1 ratio is probably higher in fact, as many unilateral cases do not seek or require 
advice. There was a tendency for older patients to have more bilateral affections than 
younger patients; the proportional difference is not significant however (,2=0-82, 
n=1, P>0-3). Where bilateral, both eyes were affected simultaneously in all but one. 

(4) Duration.—The duration of “ activity’ may be taken as the time required for the 
retinal oedema to subside, haemorrhages to cease to be formed, and vision no longer to 
improve. Atrophic and pigmentary changes are then apparent in some cases. In 
disciform degeneration, the elevation is capped by pale atrophic tissue and has reached 
its maximal elevation. Table IV (opposite):shows duration according to age at onset 
and final visual acuity. Previous attacks had occurred in only three cases (once in each). 

\t is apparent that in nineteen (59 per cent.) of the central serous retinopathy attacks 
activity did not last more than 3 months. Thirteen (68 per cent.) occurred in the 
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TABLE III 
LATERALITY (ALL CASES) 


























Side de) Unilateral | Bilateral 
Sex } Male | Female Male | Female 
Central Serous Retinopathy era ee a ee ee 
Disciform Degeneration of the Macula | 2 | 2 I — 
Total be oe : eS 2) 
Ratio ia psa pe | ee 
| ae 45 | rT | 4 
Age (yrs) ... (27 per fae 
= 45 | 3 | rae ae 








younger subjects. Likewise thirteen (65 per cent.) of the eyes attacked in the under- 
45 age group cleared in 3 months, whereas the figure for those aged over 45 is six 
(SO per cent.). The differences are not significant (P>0-05). 

(5) Prognosis.—Table IV shows that fourteen (74 per cent.) central serous retino- 
pathy attacks lasting less than 3 months left a visual acuity of 6/9 or better, whilst 
only five (38 per cent.) of those of longer duration did so. Though suggestive, these 


TABLE IV 
DURATION OF “ ACTIVITY”, PER EYE, PER ATTACK 
























































Duration of Activity (mths)... oe | Uptol1) 1to3 3to6 | 6to12\| More Total 
| than 12 
Central Serous 
Retinopathy 13 6 7 4 2 32 
Disease { 
Disciform Degeneration 
of the Macula ... —_ — 4 2 
Under 45 oe | 1] | 2 | 5 | 2 | em 20 
Central Serous 
hes Ratnenaio.. |..2 in on | 2/2 
(yrs) Over 
45 Disciform 
Degeneration 
of the Macula — | — 4 6 
6/9 or better 11 3 4 1 rE 19 
| Central Serous | ! | | ae 
Vieual aaa Retinopathy ... 2 | 3 3 13 
Results = 5 Disciform | | be 
Degeneration { 
of the Macula — fo eae oe | 


















(Details of one attack unknown) 
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proportions are not of statistical significance (y2=2:6, n=1, P>0-1). The prognosis 
in disciform degeneration is clearly poor, the duration being long and the best visual end- 


result obtained being 6/24. In addition, the opposite eye always showed a macular lesion. 
Prognosis according to age is shown in Table V. In persons under the age of 45, 


sixteen attacks left a visual acuity of 6/9 or more, and four (20 per cent.) had a worse result, 
while over the age of 44 the corresponding figures are three and fifteen (83 »er cent.) 


These differences are significant (y2=12-76, n=1, P<0-01). 


TABLE V 
VISUAL END-RESULT BY AGE, PER ATTACK, PER EYE (ALL EYES) 












































| 
Age Group (yrs) | 15 to 24| 25 to 34} 35 to 44/45 to 54 | 55 to 64| 65 and Totals 
over 
6/5 or > 
better 3 6 2 roe ae 12 $50 per 
6/9, 6/6 2 1 2 2 whi baw 7) cent. 
6/12, 6/18 |  — 1 a 2 ~ 3 18 per 
Visual | 6/24, 6/36; 9 — ea — | - 3 1 4 cent. 
Acuity ; 
6/36, 6/60 2 ss ae 1 4 sy 7 = 
s than per 
6/60, — 1 | — 2 1 1 5} cent. 
Total Eyes... | 7 | 9 | 4 | 5 | 11 | 2 38 





(6) Season of Onset.—The month of onset is shown in Table VI. Sixteen (55 per cent.) 
attacks occurred during the colder months, but this proportion is not significant (P>0-05). 




































































TABLE VI 
MONTH OF ONSET* 
] : 
Disease | Jan. Feb. Mar. | Apr. | May | June | July | Aug. Sept. | Oct. | Nov. | Dec. 
Central Serous | 
Retinopathy 3 — 3 4 2 1 3 2 | — 2 2 2 
Disciform | 
Degeneration ' 
of the Macula| —/| 1 | 2 —|—|; — —|— 1 1 — — 
Mc eat BL Sa EE ET Se aes tel 2 
~ aa _— - —_—_—_ ———_—— 
9 13 4 
*(Uncertain in two attacks). 
(7) Investigations—The following positive findings were noted: 
Symptoms No. of Cases 

No abnormality aii rie ide wis ase 1 

Recent head injury (3 days before onset) ... Soe 1 

Conjunctivitis or keratitis co-existing at onset... 6 

(Cs "5 had chilblains, bursitis, ‘hay fever, coryza, chronic bronchitis, and epistaxis 
ase . 


1 also had chilblains. 

1 also had migraine. 

1 also had hyperpiesis. 

1 later developed posterior uveitis and periphlebitis retinae. 
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Coryza or influenza at onset Wei os sor 


1 was Case X above. 

1 also had calcified cervical glands, allergic dermatosis, chronic bronchitis, and 
rheumatic carditis. 

1 also had migraine, hay fever, colitis, and inactive pulmonary tuberculosis, 

1 also suffe ph y for hypernephroma 2 years before. 





Urtleatia COMMING ib. Oke sees tae eee 
. Active pulmonary tubercudacts 
Septic arm at onset (also suffered chilblains) 


1 
Active duodenal ulcer sae 
Active rheumatoid arthritis ... be we can 1 
Chilblains co-existing Se Ee rae a ..  4(3 male, 1 female) 
Hyperpiesis .. 3 
Gross dental sepsis (also had arteriosclerosis) 1 
Migraine all adult life oe Me 5 


1 also-had active duodenal ulcer. 
1 also had angina, polyuria, fibrositis. 
1 also had effort syndrome, hyperidrosis, fibrositis, ‘‘ rage reactions ” 


Anaemia (chronic) associated with active duodenal 
ulcer, and menorrhagia =— by ene 1 
Arteriosclerosis 5 
1 associated with high blood pressure, 


It is clear thgt a fair number of our cases suffered from what have been called “stress” 
diseases, and some had multiple afflictions. Only twelve were free from this “taint”: 
four of these had marked arteriosclerosis, two others had keratitis, one other had coryza and 
had suffered nephrectomy for tumour, one had active pulmonary tuberculosis, one had 
suffered a head injury, one had a septic arm and chilblains, one had recurrent chilblainsy 
Only four possessed what could be called “ septic foci ” 

Wherever possible an assessment was made of the patient’s mental state and the presence 
or otherwise of stress factors (Table VII). 


TABLE VII 
PSYCHOLOGICAL FEATURES (CENTRAL SEROUS RETINOPATHY) 























| Male Female 
Symptoms I Total 
| No. | Per cent. No. Per cent. 
f 
Tense obsessional or ~in- 
adequate personality ai 11 61 3 75 14 
Worry or over-work ie 6 | 33 2 50 8 
Nil of note, or unknown ... 4 22 1 25 5 
(23 per cent.) 

















Thus only four (22 per cent.) of the males, and one (25 per cent.) of the females did not 
either give a history of undue worry and overwork over a protracted period, or possess an 
inadequate, obsessional, tense type of personality. 


The female was aged 56, and showed no abnormality. 

Of the four males: one aged 26 had a preceding keratitis. 
one aged 59 had dental sepsis and arteriosclerosis. 
one aged 34 had suffered a head injury. 
one aged 26 had a septic arm. 


Typical of the stress situations were the following: 
Two students taking finals; a civil servant doing his chief’s work as well as his own for 4 
months; a hairdresser running her business single-handed i in addition to housework; a teacher 
obliged to return to work in order to pay for her son’s medical school fees; a business man 
suffering an operation for cancer; a man in a sanatorium with severe tuberculosis; a com- 
mercial traveller partly crippled with rheumatoid arthritis. 
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We might consider especially the association with migraine and peptic ulceration. The 
former is said to affect about 7 per cent. of the population of the U.S.A. and perhaps 
more in the U.K. (Atkins, 1955), but males only one-third as frequently as females, i.e. 
about 5 per cent. of men suffer from it. 

A survey was undertaken to ascertain the incidence of migraine in the local population. 
37 successive patients attending hospital with foreign bodies in their eyes were questioned 
accordingly. Six were women and 31 men, i.e. rather similar proportions to those with 
central serous retinopathy, and five (one woman, four men; 13-5 per cent.) suffered from 
migraine (13 per cent. of males). These percentages do not differ significantly from 
those given by the central serous retinopathy cases (P>0.05). 

It is not easy-to assess the true incidence of peptic ulceration in England and Wales. 
Though the Minister of Health (1953) gives a figure of 1 per cent., Jones (1951) states that 
5-8 per cent. of males and 1.7 per cent of females (3 per cent. of the total population) 
aged 15-64 have at some time suffered this disease, and in any one year some 600,000 
males (3 per cent. of those aged 15 years and over) have active ulceration. Porritt (1952) 
offers an even higher figure; he claims that at least 5 per cent. of the total population has 
this condition. If we take three as the percentage of the adult population at any time 
suffering peptic ulceration and compare it with the incidence of 12 per cent. in our central 
serous retinopathy cases, we find that the difference is without significance (P>0-05). 
We may note, however, that all our cases were of duodenal ulceration (arfd one was in a 
woman) which is considered more of a stress lesion than its gastric counterpart. Duodenal 
ulceration, it should be noted, is said to occur frequently in migrainous subjects (Brain, 
1947). Thus the associations with these two conditions, though suggestive, are not of 
proven significance. 

We may finally note that none of the disciform -degeneration cases suffered from 
an excess of anxiety or from any special personality deviation; the only evidence of 
** stress” found was hyperpiesis in two cases. On the other hand, all five showed signs 
of arteriosclerosis (which the author has not classed as a stress disease). 


(8) Therapeutic Results.—As already noted, it is difficult if not impossible to make an 
appraisal of therapy from the literature. While it is rational to preseribe vasodilators, 
cortisone, and physical and mental rest, and to treat any infection specifically, we still 
do not know the part, if any, that these measures play in the alleviation of the disease. 
We can only summarize our experiences, and draw what few conclusions are feasible there- 
from (Table VIII). 

TABLE VIII 





Central Serous 





Treatment Visual Subjects under age 45 
Acuity , i 
3 4 | 5 Total 











Lowest All seven full 
recorded 6/9 6/9 6/6 and 6/6p — or subtotal 

None recovery 

Final | (two from 
vision 6/4 | 6/9 6/4 6/6 and 6/6p 6/4, 6/4 | 6/18) 








Vasodilator Teer: 
Oral: ** Ronicol ” Lowest Four full, one 
(p pyridy! carbinol), recorded 2/60 | 6/60 6/9 subtotal, and 
scol ” (benzyl one none 
‘ldeatline hydro- | 
chloride), or Nicotinic} Final 
i |; vision 6/5 | 6/6 6/4 6/5 

















Acid; 
Retrobulbar: “Priscol” | 








| Two full, one 


| 

Lowest | 
+ | 6/36, 3/36 | — aa partial, one 

| 

| 


| 
Oral Cortisone recorde | 6/18 | 6/5 
and a none 








Vasodilators Final | | 
vision ! 6/5 6/5 aaa 6/36, 6/36 
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It is impossible to judge whether any of these courses of treatment had any effect either 
in reducing the maximal visual loss or in aiding its restoration. The course in some cases 
was erratic and irregular, the disease showing one or more recrudescences before finally 
settling down. Solution of the stress situation is essential to prevent relapses and later 
attacks; by honourably becoming unable to work or fight on account of blindness, the 
patient often solves them himself, if only temporarily. It is worthy of note that in some 
cases visual acuity continued to fail for a time after the institution of energetic therapeutic 
measures. 


Conclusions 


Central serous retinopathy, and the related if not identical condition, 
disciform degeneration of the macula, is a not uncommon condition in the 
South of England. It shows the usual predilection for males, but no 
special adult age group is affected; disciform degeneration tends to 
develop in the older subjects. People engaged in responsible positions 
requiring high visual acuity tend to present themselves at hospital more 
frequently than others, especially if the affliction is unilateral. Bilaterality is 
not very common, and its presence shows no relationship with age. 
Duration of attack increases (but not significantly) with age; visual prognosis 
however, deteriorates significantly as age rises and is distinctly bad in 
disciform degeneration. Attacks occur at any time of the year. The 
incidence of stress diseases, a tense obsessional mental “ make-up ”, 
and a history of stress-producing life situations, were. high in the 
subjects affected. Peptic ulceration and migraine showed a rather high but 
not significant frequency of association. The value of vasodilator and 


cortisone therapy remains unproven, but there may be a place for some 
kind of psychotherapy. 


Summary 
The findings in 27 cases of central serous retinopathy are analysed against 





Retinopathy Disciform Degeneration of the Macula 





Subjects over age 45 


} 1 2 3 Total 
2 3 Total 








6/18, 6/24 a Two no H.M. Two slight, 
improvement one none 








6/18, 6/24 





One subtotal, two Two no 
2/60, 6/36 6/60, 6/60 6/4, 6/24 partial, one slight 6/60, 1/60 improvement 
recovery 








2/60, 6/9 6/36, 6/60 6/4, 6/12 6/60, 1/60 





6/60 
One none 























6/60 
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a background of present-day conceptions of this disease. Though it is 
related in some way to conditions of stress, the exact aetiology and elective 
therapy still await clear definition. 


I am indebted to the surgeons of the Southampton Eye Hospital for their kindness in according 
me access to their patients and records and for their encouragement in this project. 
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EFFECT OF ‘‘MYANESIN ”? ON INTRA-OCULAR 
PRESSURE* 


BY 
R. SYSI 
From the Ophthalmic Department, Kivela Hospital, Helsinki, Finland 


TENSION of the lids and the extra-ocular muscles is very noticeably reflected 
in intra-ocular pressure (Duke-Elder, 1938). This fact, recognized for quite a 
long time, has provoked attempts to reduce intra-ocular pressure by diminish- 
ing the tension of the extra-ocular muscles. Von Hippel and Griinhagen 
(1868) made experiments on these lines with curare and several workers 
have since followed their example. Hofmann and Holzer (1953) reviewed 
these studies in detail, when describing their own experiments with curare, 
decamethonium di-iodide, and succinyl bicholinester. They noted that the 
first two reduced intra-ocular pressure, but that succinyl bicholinester 
increased it, apparently through muscular contraction. The various effects 
of these three substances are centred upon the myoneural junction. 

Because of its transient effect, very liftle could be expected of curare as a 
permanent treatment for glaucoma, but in its capacity as a temporary 
alleviator of intra-ocular pressure it might prove a significant aid in the 
reduction of operative complications. In this way it was first used by 
Kirby (1950). 

The fact that curare paralyses the respiratory muscles restricts its use in 
ocular operations performed under local anaesthesia. This has inspired 
the search for a drug which would give similar muscular relaxation without 
undesirable and injurious effects. “ Myanesin” (B-dihydroxy-(methyl- 
phenoxy)-propane)t is such a drug. The manufacturers state that it acts 
centrally by diminishing the reflex excitability of the spinal cord and not on 
the myoneural junction as does curare. It does not act on the higher centres 
and consciousness is not affected. The drug has no relaxing effect on the 
extra-ocular musculature and it therefore does not effect the intra-ocular 
pressure in the same way as curare. 

The general muscular relaxation in itself may be supposed to have some 
kind of effect on ocular pressure; at least it is helpful in diminishing the 
patient’s state of tension during an operation. With this in mind the effect 
of “ Myanesin ” was studied at the Ophthalmic Department of the Kivela 
Hospital, Helsinki, and some interesting results were obtained. The drug 
has also been used elsewhere as an aid in ophthalmic operations (Girgis, 
1953). : 
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Method 


To make the effect as rapid and intensive as possible Myanesin was administered 
intravenously. The dose was 10 ml. Myanesin diluted with an equal amount of 
sodium chloride, injected slowly into the vein. The injection was accompanied 
by slight dizziness and sensation of heat in the skin similar to that experienced 
in connexion with injections of calcium. No other side-effects were noted. The 
effect of the injection was examined by measuring the ocular tension every three 
minutes, and by watching the size of the pupil, the function of the extra-ocular 
muscles, and any other changes that appeared. 


Results 


Unless the eye had been affected at the same time by a miotic, the size of the 
pupil did not change. The movements of the lids and the eye slowed down 
for about 15-20 min. after the injection but the lid muscles and extra-ocular 
muscles did not become paralysed and retained the full range of vision. 


Acute Inflammatory Glaucoma (8 cases).—Two patients were treated with pilocarpine- 
physostigmine drops every hour for 24-48 hrs without results, before the administration 
of Myanesin. After the Myanesin injection the tension immediately lessened somewhat; 
after about 20 minutes it rose again, before returning finally to the normal level. 

In four cases, which were new and had not been treated before, Myanesin was used 
without any preceding miotic. In these cases, too, a fall in tension was noted soon after 
the injection, but began to increase later, in some quite soon, in others about 20 minutes 
after the injection, i.e. when the effect of the Myanesin on the musculature was subsiding. 

When these patients were given miotics the pupil diminished rapidly and the tension 
was restored to normal (Fig. 1). Although local treatment was discontinued the tension 
remained normal on the following day and lower than in the healthy eye. Only after 
this was customary local treatment begun. 

While the patient was under the effect of Myanesin the tension.in the healthy eye was 
also measured and was found to follow the variations in the diseased eye for the 20-25 


minutes of the Myanesin effect. 
In two cases no reaction occurred. 


Absolute Inflammatory Glaucoma (4 cases).—No lowering of tension was achieved in 
spite of simultaneous treatment with pilocarpine-physostigmine; these cases remained 
completely refractory to all conservative treatment. 


Glaucoma Simplex (2 cases)—The curves of the ocular tension corresponded to those 
of healthy eyes. During the muscular effect of Myanesin a slight reduction was noted in 


the intra-ocular tension. 


Secondary Glaucoma, Chronic Iritis, and Complicated Cataract (4 cases).—A slight 
reduction of tension was noted immediately after the injection, but it rose to the earlier 
level before 20 minutes had elapsed and in some instances even exceeded the original 


level. 


Secondary Glaucoma (1 case).—This patient, in whom glaucoma was associated with 
acute purulent iritis, had been treated with scopolamine and cortisone for one week 
with no results, The ocular tension remained«continuously between 50 and 60 mm. Hg 
Schiétz. After injection of Myanesin the tension decreased at once to below 40 mm. Hg 
Schiétz and then slowly rose to normal in about 2 hours. After this it remained at a low 


level (Fig. 2). 





— — 


AS 


tered 
nt of 
nied 
nced 

The 
hree 
‘ular 


‘the 
wn 
ular 


ine- 
tion 


hat; 


ised 
fter 
utes 
ing. 
sion 
sion 


fter 


was 
+25 


ned 


| in 











EFFECT OF “MYANESIN” ON INTRA-OCULAR PRESSURE 621 


Myanesin — Physostigmine My anesin 
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Fic. 1.—Acute inflammatory glaucoma treated Fic. 2.—Purulent iritis and secondary 
with Myanesin and physostigmine. glaucoma treated with scopolamine, corti- 
sone and Myanesin. 


Comment 

If the patient reported pain in the eye, the pain disappeared at once when 
the injection was given. It is interesting to note that with a sharp fall in 
tension the pain returned in some cases, but disappeared when the tension 
became normal again. 

In cases with corneal oedema caused by the raised pressure, an interesting 
phenomenon occurred; the obscurity cleared up somewhat before the actual 
reduction of tension, though the final clarification occurred only after the 
tension had become distinctly reduced. 

The number of cases is so small that the results cannot be generalized, yet 
it seems possible to deduce some interesting points. 

Myanesin, when administered intravenously, has a reducing effect on 
ocular tension in certain cases. No changes can be noted in the size of the 
pupil. The lowering of the tension is apparent both when miotics are used 
simultaneously and in secondary glaucoma in association with mydriatics. 

The immediate reduction in ocular tension after the injection may for the 
most part be attributed to the general muscular relaxation. On the other 
hand, the final normalization of the tension later remains unaccounted for 
according to what is known of the pharmacological properties of Myanesin, 

The actual normalization of the tension usually occurs 20-30 minutes after 
the injection, when the effect of Myanesin on the musculature is waning. 
Possibly some substance affecting the ocular tension is produced in the 
organism by the disintegration of Myanesin, or perhaps the Myanesin 
affects some neural system or neural centre other than that hitherto recognized. 
The effect differs greatly in different forms of glaucoma. 
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The cases recorded above are few, and in a larger series the results may 
prove entirely different, Myanesin seems to ‘be a valuable aid in treating 
cases of glaucoma with high tension, and may offer a new line of research into 
the problems of this disease. 
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MYANESIN ELIXIR IN 150 CASES OF 
CATARACT EXTRACTION* 


BY : 
P. AVASTHY 


Medical College Agra, United Provinces, India 


ViTREOUS loss in cataract surgery is an unpredictable complication and even 
in most experienced hands can occur without warning. An excited, nervous, 
uncooperative patient is often the cause of this catastrophe, and many 
ophthalmologists have tried to eliminate the risk by using muscle relaxants. 

Clark (1949), Kirby (1950), Roche (1950), Farquharson (1951), Cordes 
and Mullen (1951), and Agarwal and Mathur (1952) have used curare with 
success as a muscle relaxant in cataract surgery. Roche and Farquharson 
do not quote precise figures, but the vitreous loss in the cases of Kirby and 
of Cordes and Mullen was 3 and 6 per cent. respectively, and in the series of 
Clark and of Agarwal and Mathur it was nil. 

Recently another drug, “‘ Myanesin ”, has been used as a muscle relaxant, 
but no adequate trials have been carried out with it in cataract surgery. 
Girgis (1953) claimed a reduction in vitreous loss but did not give the num- 
ber of cases. 


Present Investigations 


In 350 cases of cataract admitted to the ophthalmic ward of the L.L.R. Hospital, 
Kanpur, 200 patients selected at random were given no muscle relaxant and served 
as controls, while Myanesin was given to the remaining 150. Most of these 
patients were of nervous temperament and uncooperative, or else uneducated, 
with language difficulty. 

The drug was administered orally in 2-dr. doses one hour before operation. 
No special precautions were necessary before administering the drug. On the 
night before the day of operation as well as just before the actual operation, the 
blood pressure and intra-ocular pressure were recorded. The intracapsular 
method of extraction was employed in 130 cases and the extracapsular method in 
the remaining twenty. 


Results.—Our studies of the 200 control cases indicated that the operation caused 
no significant alteration in the intra-ocular and blood pressure, but a loss of vitreous 
of varying degrees was sustained by 9 per cent. of patients. 

In the group pretreated with Myanesin, on the other hand, 70 per cent. showed 
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no change in the intra-ocular tension, 20 per cent. showed a reduction of 2-3 mm. 
Hg, and 10 per cent. a fall of about 4-5 mm. (Table I). 
TABLE I 


EFFECT OF MYANESIN ON INTRA-OCULAR 
PRESSURE 





Fall (mm. Hg) 
2-3 | 4—5 
° | 15 








150 105 30 


| 
Cases Treated | No Change 








There was also no significant variation in the pre- and post-operative blood 
pressure levels in the Myanesin group, and no vitreous loss was sustained. In 
the group pretreated with Myanesin which underwent intracapsular extraction, 
two patients sustained loss of vitreous; one was highly myopic and the other 
coughed violently during the operation (Table II). 


TABLE II 
LOSS OF VITREOUS 





Method Intracapsular | Extracapsular | Total 
20 150 





Loss of Vitreous 2 | Nil | 2 


it 





In all the patients who had pretreatment with Myanesin, the eyes were quiet, 
as the movement of the extra-ocular muscles was very much reduced and they 
were completely relaxed. As the reduction in the tension was not appreciable, 
there was no difficulty in the delivery of the lens. It felt as if the vitreous “* had 


gone to sleep ”’. 
There were no post-operative complications, no delay in the healing of wounds, 
and no effect on the ultimate vision. 


Toxic Effects.—No toxic effects were noticed except in one patient, an old man 
of 80 years, who felt drowsy 15 minutes after the administration of the drug. 
During the operation he did not respond to questions until and unless they were 
put loudly to him, and his limbs were so paretic that they required support, but 
he recovered shortly after a stomach lavage. 

Discussion 

The results of the present study clearly indicate the marked ameliorating 
effect of Myanesin on the rate of vitreous loss in cataract surgery. A loss 
in 1-3 per cent. of cases is in marked contrast to 9 per cent. in the random 
sample, especially as the cases tested included many with predisposing 
features. The figures compare favourably also with these obtained for 
curare (0 to 6 per cent.), and affirms the claims of Girgis (1953) regarding 
the value of Myanesin in cataract surgery. 
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In considering the relative merits in cataract surgery of the two muscle 
relaxants, curare and Myanesin, one has to remember that this presents a 
three-tier problem, viz., of having a relaxed patient, of eliminating the factors 
of chance associated with the cooperation sought from the patient, and 
of having a reduced percentage of vitreous prolapse. Kirby and later 
Agarwal emphasized the utility of curare in producing this triple effect, but 
one cannot ignore that it is potentially dangerous and should only be ad- 
ministered by an experienced anaesthetist in a well-equipped theatre. Girgis 
has pointed out that similar triple-tier action can be achieved by Myanesin, 
and in addition Myanesin elixir is cheap and easy to administer. 

It is felt that Myanesin can safely replace curare as a muscle relaxant in 
cataract surgery. 


Summary 
The results of cataract surgery in 150 cases pretreated with Myanesin and 
200 cases not so treated are presented. It has been observed that Myanesin 
is a useful adjuvant in cataract surgery and compares favourably with 
curare in this respect. The percentage loss of vitreous in this series was 
only 1 -3 per cent. 
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STUDIES ON DEVELOPING RETINAL: VESSELS* 


Ill. ROLE OF SYMPATHETIC INNERVATION IN OXYGEN 
VASO-OBLITERATION 


BY 
CHARLES COOK anp NORMAN ASHTON 
Department of Pathology, Institute of Ophthalmology, University of London 


THE obliterative effect of high concentrations of oxygen on developing 
retinal vessels was first demonstrated in the eye of the kitten by Indian ink 
injection (Ashton and others, 1953) and was later observed directly by using 
a limbal window technique (Ashton and Cook, 1954); it has since been 
shown in eyes of puppies and new-born rats by ink injection methods (Patz, 
1954) and in new-born mice by sections (Gyllensten and Hellstrém, 1954). 

The mechanism whereby oxygen exerts this obliterative effect, however, 
is still entirely unknown, but the sum of experimental evidence so far 
obtained strongly suggests: 

(a) that the influence is exerted locally through the evolution or destruction of 
some factor or factors within the immature retina itself; 

(b) that the effect is confined to the immature retina by reason of its peculiar 
metabolism ; 

(c) that the retina is vulnerable to hyperoxia through its structural and functional 
relationships to the choroid. 


Before this hypothesis is further explored, it is necessary to exclude the 
possibility that vaso-obliteration, in its immediate or delayed phases or 
both, may be controlled by a central mechanism involving the sympathetic 
nervous system. 

In previous papers the effect of an adrenergic blocking agent had been 
reported, but the results were equivocal. Thus, in an ink-injection ex- 
periment, the administration of Priscol (2-benzyl-imidazoline hydrochloride) 
did not appear to influence: oxygen vaso-obliteration (Ashton and others, 
1954); whereas, by direct observation, obliterated vessels were seen to re- 
open slowly after the injection of Priscol (Ashton and Cook, 1954). In any 
case the results would be difficult to interpret, for Priscol is not sufficiently 
selective for our purposes, since it has a number of side actions—such as 
histamine-like and acetylcholine-like effects (Ahlquist and others, 1947). 

Patz (1955) found no evidence of sympathetic control of vaso-obliteration 
in his recent experimental work on new-born puppies, which had been 
placed in high oxygen concentrations after section of the right vago- 
sympathetic trunk (? site of section); nor was the pattern of the subsequent 
vasoproliferation in air modified in any way. These experiments, however, 
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are open to the minor objection that-no time was allowed to elapse after the 
section of the sympathetic chain for degenerative changes to occur: if the 
section had been pre-ganglionic, the tissues would have remained innervated 
by post-ganglionic elements. 

This paper reports the results of experiments to determine, by Indian ink 
injection and direct observation, the effect on vaso-obliteration of adren- 
ergic blockade with Dibenamine (N, N-dibenzyl-chloroethylamine)—a 
selective drug acting directly upon effector cells to prevent excitatory re- 
sponses to epinephrine or Sympathin E (Nickerson and Goodman, 1947); 
and of bilateral section of the cervical sympathetic trunk with extirpation 
of the superior cervical ganglia, with and without allowing a period for 
degenerative changes to develop. 


Experimental Findings 
INFLUENCE OF DIBENAMINE 


(a) By Direct Observation 

Experiment 100.—A limbal window was inserted into the left eye of a kitten (12 days 
old), which had previously been subjected to 70-80 per cent. oxygen for 6 hrs, in order to 
obtain the delayed oxygen effect (Ashton and Cook, 1954). After allowing an interval 
for recovery from any traumatic effect, the animal was placed in an oxygen chamber and 
the retinal vessels observed by direct vision. Total obliteration of the vessels was then 
induced with 90 per cent. oxygen and the animal was returned to air to allow the vessels to 
re-open. 

Dibenamine 5 mg. in physiological saline (25 mg./kg.) was then injected intravenously. 
and the animal was returned to 90 per cent. oxygen after 30 minutes. Total vaso- 
obliteration occurred, as above, in 8 minutes, and the vessels re-opened normally on 
return to air. A repeat experiment gave identical results. 

Conclusion.—Intravenous Dibenamine in the concentrations used appeared to have 
no modifying effect on the vaso-obliterative action of oxygen (delayed phase). 


INFLUENCE OF SYMPATHECTOMY 


(a) By Direct Observation 
Experiments 64, 66, and 67.—A limbal window was inserted into the left eye of each of 
three kittens (12 days old) upon which a bilateral cervical sympathectomy had been per- 
formed 1 hr previously. After an interval of 30 minutes the kittens were placed in an 
oxygen chamber and the effect of 90 per cent. oxygen on the retinal vessels was then 
observed by direct vision. Vasoconstriction and obliteration of the capillaries occurred 
within a few minutes. 


Experiment 63.—A limbal window was inserted into the left eye of a kitten (12 days 
old) after the animal had been exposed to 70-80 per cent. oxygen for 7 hrs. A bilateral 
cervical sympathectomy was then performed. The retinal capillaries showed no evidence 
of immediate re-opening after the sympathectomy, but after an initial latent period 
of 30 minutes they gradually became patent. The vessels could thereafter be opened and 
closed by alternating exposure to air and oxygen. 

Conclusion.—Acute or chronic bilateral cervical sympathectomy had no apparent 
effect upon the immediate or delayed phases of oxygen vaso-obliteration. 


(b) By Indian Ink Injection 


Experiment 104.—A bilateral cervical sympathectomy was performed by Dr. N. 
Ambache on one kitten (4 days old) under Nembutal anaesthesia, whilst two litter- 
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mates served as controls. After allowing 8 days for degeneration of the sympathetic 
nerve supply, the mother cat and all three kittens were placed in 70-80 per cent. oxygen 
for 5 days, after which the kittens were killed and injected with Indian ink via the left 
ventricle. The eyes were then removed and opened transversely, and the retinae were 
examined under a dissecting microscope. ll six retinae showed almost total vaso- 
obliteration, and no significant differences were discernible between the control and 
sympathectomized litter-mates. 

Conclusion.—The experiment showed that cervical sympathectomy, even after allowing 
a period for degenerative changes to develop in the sympathetic chain, had no modifying 
effect on oxygen vaso-obliteration. 


Summary 


These experiments have shown that the vaso-obliterative effect of oxygen 
on immature retinal vessels is uninfluenced, in either its immediate or its 
delayed phases, by cervical sympathectomy. Nor was the delayed phase 
modified by adrenergic blockade with Dibenamine. 

The findings are in full agreement with those of Patz (1955), and appear 
to show that sympathetic innervation is not directly or indirectly concerned 
in the mechanism of oxygen vaso-obliteration. 

We should particularly like to thank Dr. N. Ambache and Dr. C. Pedler for assistance in these 
experiments, and we are indebted to Mr. G. Knight for technical assistance and to Miss E. 


FitzGerald for secretarial help. We are also grateful to the Medical Research Council for 
providing a grant towards the expenses entailed in this work. 
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CASE NOTES 


TEMPORARY CATARACTS IN DIABETES MELLITUS* 


BY 


R. C. JACKSON 
Princess Mary’s R.A.F. Hospital, Halton, Bucks. 


TEMPORARY Cataracts lasting for a few weeks, as a complication of diabetes, 
are very rare and it is for this reason that one more case is reported below. 

Apart from transient lens opacities lasting only 2 to 3 days during extreme 
dehydration in diabetes, to the best of my knowledge only eight cases of 
cataracts of a temporary nature lasting up to 42 days have been recorded to 
date, three by Nettleship (1885) and one each by Alt (1906), Fischer 
(1925), and Braun (1935). Lawrence (1946) reviewed the literature and 
described in detail two more cases which he observed before, during, and after 
the presence of cataracts. In the following case a previous record of a 
refraction was available and the patient was observed before the cataracts 
developed and throughout their duration. 


Case Report 

The patient was a member of the W.R.A.F., aged 19 years, whose father had died of 
diabetes a year after she was born, and whose sister had been diagnosed as a diabetic 
just before her admission to us. 

History.—She had been in good health until 5 months before admission when she com- 
plained of excessive tiredness and lack of energy; 2 months later she had a large boil 
necessitating 48 hrs in bed, and on getting up noted a blurring on near vision. A few 
weeks later an ophthalmologist saw her and reported “‘ hypermetropia ”’; her visual 
acuity was 6/6+0-5 D=6/6 in the right eye, and 6/5+0-5 D=6/6 in the left eye. She 
was given spectacles but there was little improvement in her vision. Also at this time, 
ie. 3 months before admission, she had polydipsia and polyuria with impairment of 
appetite. 

Examination.—On admission, she complained of dimness of vision and thirst. She 
had lost 20 lb. in weight in 3 months. She was drowsy but her tongue was moist. The 
fundi were normal and no lens opacities were seen. Her blood sugar was 440 mg. per 
cent. and ketones were present. 

Treatment.—She was given insulin immediately, and by the third day felt much better, 
but her dimness of vision had been increasing. 

Progress.—Within 24 hrs her sight deteriorated rapidly and on the fifth jes I found 
that she had bilateral posterior lens opacities as in the Figure (overleaf). 
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Right eye 
Ficure,—Posterior lens opacities. 


Solid circular opacities were situated Jatera)ly with three or four linear opacities run- 
ning medially. These were confirmed by the ophthalmologist, who reported visual 
acuity in the right eye 4/60 and in the left eye 3/60. No slit-lamp examination was 


possible. 
She was then on 40 units of soluble insulin night and morning. 


Her vision gradually deteriorated and she became almost blind, being unable to count 
fingers held one foot away from her eyes. She remained like this until the nineteenth 


day (she had had two hypoglycaemic attacks on the (8th day) when her vision began to 


improve, and the linear opacities became thinner and shorter. The improvement con- 


tinued, and during the next 11 days the opacities gradually disappeared, the linear ones 
first and then the peripheral circular ones, having lasted 26 days. On the 30th day her 


visual acuity was 6/6+1°'5 D=6/6 in the right eye, and 6/6+1:75 D=6/6 in the left eye. 
She was then on P.Z.1 32 units in the morning. 


Follow-up.—I have recently found that for 6 years she has had no further visual diffi- 
culty, and through the kindness of Dr. Christopher Hardwick of Guy’s Hospital, whose 


clinic she is attending, I was informed that her visual acuity has not changed since her last 
refraction in hospital recorded above. Thus she has been hypermetropic throughout. 


Her sister has shown no visual signs. 
Discussion 

This patient only differs from Lawrence’s two cases in that she was hyper- 
metropic. The position of the cataracts in the fens does not appear to be of 
any significance as they spread to all quadrants; in the other two cases they 
happened to occur in the central and upper quadrants. “Mn this case the 
improvement in yision and subsidence of the opacities coincided with two 

. hypoglycaemic attacks 24 hours previously. One wonders whether there 

‘may be a connexion between the two events and whether it would be worth 
placing a patient with this condition in hypoglycaemia to see if this had any 
effect on the vision. 

The aetiology of this type of lens opacity is not certain but the most 
important factors appeat to be dehydration and rehydration, these processes 
being present in all cases. In this respect it is interesting to note that transient 
lens opacities do occur occasionally in another condition, namely cholera 
(Manson-Bahr, 1945). Here dehydration can be most severe, and the 


opacities clear when rehydration occurs. 
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If this change in hydration were the only factor then one would expect to 
find many more cases of transient opacities, whereas they are a very rare 
occurrence. The complete answer to these manifestations still eludes us. 

My thanks are due to the Director General of Medical Services, R.A.F., for permission to 


Publish this case. 
) 
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AN UNUSUAL FOREIGN BODY* 


BY 
DORIS ROSE 
Eastbourne 


A mam aged 45 was seen with a foreign body vertically embedded deep in the 
substance of the centre of the cornea, He said that whilst travelling at an estimated 
speed of 40 miles per hour on his motor-cycle he was struck in the eye by a “ Daddy 
long-legs ”, which he had seen in front of him. An unsuccessful attempt was 
made to remove this foreign body, and 2 weeks later there was a further unsuccessful 
attempt at removal. When the patient was seen by myself 6 weeks later the 
intensive keratitis necessitated a third attempt. The fine limb of the insect could 
be seen almost touching Descemet’s membrane. Under local anaesthesia a 
vertical cut was made into the deep substance of the cornea with a fine Graefe 
knife. Slit-lamp examination was made during the operation, the difficulty being 
that owing to parallax the leg of the insect was not quite in the position in which it 
appeared to be. The piece of a limb of this insect which was brought out on the 
parallel edge of the Graefe knife was 3 mm. in length. The keratitis settled 
immediately, and the visual acuity was 6/6. 
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CONGENITAL ANOMALY OF OPTIC NERVE WITH 
FIELD DEFECTS* 


BY 
E S. PERKINS 
Institute of Ophthalmology, University of London 


An unmarried woman aged 20 attended hospital complaining of eye-strain after 
reading and close work. Four years previously she had had some attacks of 
headache associated with seeing flashing lights. The attacks had lessened in 
frequency since then. She was engaged in monotonous work as a capstan operator. 


Examination.—Visual acuity was 6/12 in the right eye and 6/9 in the left. The ocular 
movements, pupil reactions, and tension were normal. Both optic discs appeared to be 
deeply cupped although the cupping did not extend to the margins and the discs were of 


normal diameter (Fig.1). The rims of the discs appeared to be of normal colour, the 
vessels and rest of fundus appeared normal. 


Fic. 1.—Fundus photograph of right optic disc showing 
well marked cup. 


The central vision in both eyes improved to 6/6 with a small myopic correction. Both 
peripheral fields showed some general constriction to a 3/330 white object, and the central 
fields showed a ring scotoma extending from approximately 10° to 20° in both eyes to a 
2/2000 and 20/000 white object (Fig. 2). The visual fields have been tested on three 
occasions by different observers with similar results each time. 

The patient was referred for investigation to the glaucoma clinic at the Institute of 
Ophthalmology, where she was found to have an open angle and negative provocative 
tests. The maximum tension recorded throughout the tests was 22 mm. Hg Schiétz. 


Discussion 
Curious field defects in a young woman are suggestive of hysteria, but the 
constancy of the defect on repeated examinations and the abnormal discs make 
this diagnosis unlikely. 
Field defects associated with crater-like holes in the optic disc have been re- 
ported by Duke-Elder (1938), Greear (1942), Neame (1942), Rosen (1948), 
Redmond Smith (1953), and others. The appearances in this case are not like the 
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Fic. 2.—Composite visual field charts showing peripheral constriction and a ring 
scotoma associated with a congenital defect of the optic disc. 

Peripheral field plotted with 3/330 white object. 

Central field plotted with 2/2000 white object. 


usual discrete hole situated towards the temporal portion of the disc, but they are 
more similar to the cases described by Hillion (1911) and de Schweinitz (1911), 
except that in these two cases the visual fields were normal. It is probable that 
the defect is a type of coloboma in which field changes are common (Heine, 1927), 


in spite of the fact that the disc as a whole is not enlarged. 


I am indebted to the Medical Illustration Department of the Institute of Ophthalmology for 
the fundus photograph. 
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A CROSS-ARMED REVERSIBLE SCREEN 
STEREOSCOPE*t 
BY 
A. C. HUDSON 
London 


THIS instrument is an improved model of one described many years ago 
(Hudson, 1918), which was itself a modification of an earlier instrument 
(Hudson, 1911). It is intended primarily for the investigation and- treatment 
of squint, but is also suitable for the exercise of convergence or divergence 
when these are deficient, and for the detection of malingering. It may also 
be used for viewing untransposed and transposed stereoscopic photographs. 


Construction 
The instrument consists of two cross-bars, each 25 cm. long, with at the distal end a 
picture carrier 46 mm. wide and at the proximalend an eyepiece comprising a plane prismof 
6-5° deviation value rotatable through 180°, and a cell to hold a supplementary lens. Each 
cross-bar has a central slot in which the pillar supporting the screen can be moved back- 
wards or forwards by means of a rack and pinion, so producing the necessary degree of 
separation of the pictures for central binocular vision in a wide range of vergence of the 


Eyepiece Cross-bars 
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visual axes. The screen can be tilted 90° on a coronal axis so as to form either a right 
and left lateral obturator, between which the right eye views the left picture and the left 
eye the right picture (Fig. 1), or a central obturator, on each side of which each eye 
sees the homolateral picture (Fig. 2). 


carrier 


~~ Screen used 
as central 
obturator 


Fic. 2. 4 


Eyepiece Cross-bars 


The movable screen between the pictures can be used to reduce the illumination of 
one or other of them. 

Two screws control the interval between the proximal ends of the cross-bars on which 
the eyepieces are centred: it is.essential that this should be identical with the inter-pupillary 
distance of the eyes when, provided with any necessary correction of refractive error, 
they are focussed for a distance of 25 cm. (or, when supplementary +4 D sph. lenses 
are in use, for infinity). 

Excess convergence can be measured with the lateral obturators by means of the 
following equations: 

(a) with prisms I> , SO=SC—A—P 
(b) with prisms (<< or AA ,SQ=SC—A 

(c) with prisms > , SQ=SC—A+P 
SQ =abnormal convergence 

SC=angle between cross-bars with central binocular vision 


A=angle of total accommodation convergence 
P=angle of total prisms deviation (13°), 


A varies with the length of the inter-ocular distance (i.e. the distance between the 
centres of rotation of the eyes) approximately as follows: 
Inter-ocular distance (mm.) —_A(°) 
45 ee iss Sie 
50 
55 


60 
65 


When the deviation is greater than 15°, the factor A, with its element of uncertainty 
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due to physiological idiosyncrasy, can be eliminated from the equations by the use of a 
+4D sph. lens centred for infinity before each eye directed to infinity, and the equations 
then become: 

(a) with prisms < > and no lenses SQ=SC—P—A 

(a’) with prisms < > and +4 D sph. lenses SQ=SC—P 

(b’) with prisms A A and +4 D sph. lenses SQ=SC 

(c’) with prisms > < and +4 D sph. lenses SQ=SC+P 


In orthophoria the central obturator should be used, except for the detection of 
malingering or for the viewing of untransposed stereoscopic photographic prints and 
transparencies: for these the central aperture is required. 

With central obturator, homonymous prisms, and accessory +4 D sph. lenses in ortho- 
phoria, there is central binocular vision with parallel visual axes when the distance between 
the centres of the pictures is equal to the inter-ocular distance; if the scale reading in this 
position be Z°, the absence of squint will be indicated by the following equation: 

(d) with prisms > > and +4’D sph. lenses, SQ= SC—Z, 
SC and Z being identical SC -Z= 

For viewing stereograms the centres of which are farther apart than the inter-ocular 

distance, prisms must be base out. From the following equation: 


(e) with prisms > < and +4 D sph. lenses, SQ=SC—Z—P, 


it is clear that, for central binocular vision with visual axes parallel, it is required that 
SC=Z+P. 

Both 45- and .75-mm. stereograms, if supported on the screen at 12-5 cm. distance from 
the eyepieces, may be viewed under considerable magnification through +8 D sph. 
accessory lenses. 

Divergence can be measured approximately with central obturator by means of the 


following equations: 
(e) with prisms > < and +4 D sph. lenses, SQ=SC—Z—P 


Fic. 3.— Unbroken lines = cross-bars 
and obturator. 


Broken lines = direction of gaze. With 
homonymous prisms and accommoda- 
tion in abeyance, divergence is measured 
approximately by excess of SC over Z 
(scale reading when distance between 
A and B equals inter-ocular distance). 
Z=approximately 2A. 





ion of 
its and 


ortho- 
tween 
in this 
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(d) with prisms 4 A and +4 D sph. lenses, SQ=SC—Z 
(f) with prisms < > and +4 D sph. lenses, SQ=SC—Z+P 
(g) with prisms < > and no lenses, SQ=SC—Z+P+4A 
These measurements are approximate because the centre of rotation of each picture 
carrier is not identical with the centre of rotation of the viewing eye: but with inter-ocular 
distance 65 mm. and divergence up to 70° the overestimation is not more than 2° (Fig. 3). 
All the above equations, valid when retinal correspondence is normal, require modifica- 
tion when there is eccentric fixation. 


Measurement of Abnormal Vergence (see Table) 
With Obturators Lateral (for Convergence) 
SuBTRACT the value of accommodation convergence (A), and of prisms 
BASE-IN from the scale reading (mnemonic CABIN: in convergence, accommoda- 
tion convergence and prisms base-in are negative). 


With Obturator Central (for Divergence) 

App the value of accommodation convergence (A) and of prisms BASE-IN to the 
scale reading, after this has been reduced by the amount of the reading (aproxi- 
mately 2A) when the distance between the centres of the picture carriers is equal 
to the inter-ocular distance. 

TABLE 
DATA FOR USE IN PRACTICE 
SC =angle between cross-bars with central binocular vision. 
A=angle of total accommodation convergence (approx. 11° at 45 mm. inter-ocular distance, increasing 


uniformly to 15° at 65 mm. 
Z=angle between cross-bars when distance between centres of pictures =inter-ocular distance (approx. 2A). 





Position Arrange- Inter- Refraction Degree of : 
of Estimation of Deviation pupillary Require- Abnormai Equation 
i Distance ment Vergence 





Low | .0° to 25° For focus| Correction | SC—13*—A (a) 
at 25cm. for infinity 





Medium 15° to 35° For +4D sph. | SC—13 (a’) 
infinity added to 
correction 
for infinity 

Lateral 


for Con- i 30° to 50° For +4D sph. 
vergence infinity added to 
correction 
for infinity 











45° to 70° For +4D sph, 
infinity added _ to 
correction 
for infinity 








—12° to 13° For +4D sph. 
infinity added to 
correction 
for infinity 





infinity added to 
Central correction 
for Diver- for infinity 
gence 








Medium | 15° to 40° For +4D sph. 
infinity added to 

correction 

| for infinity 








| 
} 
0° to 40° For +4D sph. 














High 30° to 56° dp For Correction SC—Z+13+A (g) 
oo at for infinity 
cm. i 





* Total deviation value of prisms=13°. + This arrangement covers 12° convergence to 13° divergence. 
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Uses of the Instrument 
Diagnosis 
(1) In Concomitant Convergent squint.—After ascertaining whether retinal 
correspondence is normal or anomalous, and assessing the degree of eccentric 
fixation, if such exists, test for: 

(i) Simultaneous binocular perception (bimacular or anomalous, or macular 
suppression, using lateral obturators and diagrams of red spot and green ring, 
ascertaining whether the patient is able to move the spot into the centre of 
the ring. The use of the terminal screen between the diagrams to produce 
contrast in their relative illumination may be of assistance in this test. 

(ii) Amplitude of fusion (measurable by means of the scale), using diagrams 
of black spot with red and green square (above and below). 

(iii) Stereopsis. 


During the above and all other tests and exercises hyperphoria should be 
neutralized by rotation of the appropriate prism. 

(2) In Concomitant Divergent Squint.—With obturator central, proceed as 
in convergent squint. 

(3) In Suspected Malingering.—With obturators lateral and prisms base- 
in, use letter (e.g. POT, PET), multiple dot, etc., diagrams. 


Treatment 
(1) In Squint 


(i) Visual exercises designed to elicit or improve simultaneous binocular 
vision, fusion, and stereopsis, in which use of the terminal screen to produce 
predominance in illumination of the target facing the squinting eye plays an 
important part. 

(ii) A combination of the above with kinetic exercises, as a curative pro- 
cedure in certain cases, or as a preliminary to operation. 


(2) In Exophoria.—With lateral obturators and prisms base-in, and easily 
fused diagiams, the function of convergence can be exercised by moving the 
carriers apart from primary apposition. 


(3) In Esophoria.—With central obturator and prisms base-out, the 
function of divergence can be exercised by separation of the carriers. 


REFERENCES 


Hupson, A. C. (1911). Ophthal. Rev., 30, 353. 
(1918).- British Journal of Ophthalmology, 2, 427 





Brit. J. Ophthal. (1955) 39, 639. 


CORRESPONDENCE 


B.A.L. IN OPTIC NEURITIS CAUSED BY ARSENICALS 


To the Editorial Committee of the BriTIsH JOURNAL OF OPHTHALMOLOGY 


Sirs—In the July issue of the British Journal of Ophthalmology, Oehninger, Rodriguez 
Barrios, and Gomez Haedo published a report of two cases of optic neuritis caused by 
arsenicals, which were treated with B.A.L. They referred to Friedenberg (1947), who 
published the first observation of visual recovery after treatment with B.A.L. in a patient 
with optic neuritis provoked by tryparsamide, saying they had not found any other 
reference to this form of therapy in the literature. 

I should like, therefore, to refer to my own article on a case of arsenical amaurosis 
treated successfully with B.A.L. which was published in October, 1953. The patient 
came for consultation with almost total blindness in both eyes, following five injections 
of Acetylarsan in a case of severe asthma. The visual acuity was 1/60 in the right eye 
and no perception of light in the left eye. She was treated with intramuscular B.A.L. 
and intravenous vitamin C (300 mg. daily). Complete restoration of sight (6/6 in each 
eye) was obtained in 3 months’ time. The field of vision for white objects improved 
considerably, but the extent of the field for red objects remained contracted. One 
puzzling feature was the development of numbness and tingling in the lower extremities 
about a month after beginning treatment, which persisted for over a month before it 
subsided. 


Yours faithfully, 
B. K. Das GupPTa. 


30, CHOWRINGHEE ROAD, 
CaLcuTTA, INDIA. 
August 19, 1955. 
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OBITUARY 


FREDERICK THOMAS TOOKE 


THE many friends of Dr. Fred T. Tooke in Great Britain and in Europe will be 
sorry to hear of his death in Montreal on July 20, 1955. His happy, cheerful, 


good nature and camaraderie made him a host of friends wherever he went. 

Frederick Thomas Tooke, one of Canada’s most distinguished ophthalmologists, 
was born in Montreal in 1873. There he had all his schooling. At McGill 
University he graduated B.A. in 1895 and M.D., C.M. in 1899, after which he was 
an interne for 3 years at the Royal Victoria Hospital in Montreal. Then, on the 
advice of Dr. Frank Buller, he spent the following 3 years in Europe studying — 
ophthalmology. During this latter period he served as clinical assistant in suc- 
ceeding years under Professors Axenfeld of Freiburg and Morax of Paris, and under 
Sir William Lister and Mr. Marcus G. Gunn, at Moorfields, London. These 
were memorable years for him and he often spoke of them. 

He returned to Montreal and opened his practice in ophthalmology. At this 


time he joined the staffs of McGill University and the Royal Victoria Hospital. 


He became Professor and Chairman of the Department at the former from 1937- 


1939, and Ophthalmologist-in-Chief at the fatter from 1935-1940. Throughout 


a long professional life Dr. Tooke made many contributions to ophthalmic 


knowledge. . These were mainly of a clinical nature. He will be remembered for 
his introduction of a cornea-splitting knife for use in the Elliot trephine operation. 


He carried on a very large and active practice in his specialty and only retired from 
it in 1950. 


He was a member and past president of the Montreal, the Canadian, and the 
American Ophthalmological Societies. He was also active in the Canadian Medical 


Association and the American Academy of Ophthalmology. He kept up his 
many European friendships through his membership of the Ophthalmological 


Society of the United Kingdom and the Societé d’ophtalmologie francaise. 
In 1907 he married Katherine Moorcroft Tomlinson, who predeceased him in 
1952; of this singularly happy union there were six daughters, all of whom survive 


him. 


Mr. HAROLD Levy writes as follows: 
To me, as a lifelong friend of Fred Tooke, the most outstanding features of his 
character were his invariable cheerfulness, his loyalty and conscientiousness. 


He was happy in his work, happy in his family life, and happy in his friendships. 
It was always a pleasure and stimulus to be in his company. 

He retired from practice in 1950 on account of increasing difficulty in concentra- 
tion and speech, and the sudden death of his wife in 1952 left him completely 


helpless. 
To those of use who knew him well his passing is a great loss and source of sorrow. 
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COMMUNICATIONS 


TREATMENT OF GROSS CORNEAL OPACIFICATION 
BY LAMELLAR AND ANNULAR LAMELLAR 
KERATOPLASTY*+ 


BY 
A. G. LEIGH 
Institute of Ophthalmology, University of London ‘ 


PERFORATING keratoplasty is found to be most successful in cases of small 
central corneal nebulae and keratoconus. In both these conditions the 
graft lies completely surrounded by healthy cornea. Where there is gross 
opacification extending widely throughout the thickness of the cornea and 
especially if degenerative changes are present, then a simple perforating 
graft rapidly becomes completely opaque and takes on the characteristics 
of the tissue into which it was placed. The presence of vascularization 
within the recipient cornea appears to accelerate this process. 

Experience would show that a perforating graft, to survive as a clear 
structure, must be placed in a cornea of recognizable structure and that the 
opacities therein must not exceed two-thirds of the area and thickness of the 
cornea in contact with the graft. 

The basic problem therefore is to establish within these grossly opaque, 
degenerative, and possibly vascularized corneae tissue which will maintain.a 
perforating graft as an optically clear structure. 

It is common knowledge that a lamellar graft placed in an opaque cornea 
frequently survives as clear corneal tissue and that in many cases some 
clarification of the surrounding cornea is seen. When such a lamellar graft 
has remained clear for a period of at least 6 months, then a smaller perforating 
keratoplasty may be successfully performed through its centre. 

This is a valuable and effective method of dealing with a dense non- 
vascularized opacity no larger than 7X8 mm. and where the peripheral 
zone of the cornea is clear. An opacity of this size, it is true, could be 
successfully treated by a single, large perforating graft, but such a method 
has the following disadvantages: 

(1) The operation is more difficult and hazardous than a 5-mm. graft and 
the attendant complications of anterior synechiae and peripheral anterior 
synechiae due to late reformation of the anterior chamber are more likely 
to occur. 

(2) The assessment of the suitability of the peripheral cornea to support a 
clear graft is frequently difficult. 
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(3) Should a large perforating graft become opaque, the condition may 
then present a problem more difficult than that first seen. 

In cases of gross corneal opacification associated with much superficial 
vascularization, I observed that after a lamellar keratoplasty had been per- 
formed the graft usually remained clear and free from either superficial or 
interstitial vascularization, but that a dense vascular network developed 
between the recipient cornea and the graft (Fig. 9). The blood supply to 
this plexus was derived from a few large vessels which passed from the 
vascularization at the limbus across the peripheral zone of the cornea, to reach 
the plexus by passing between the margin of the graft and the recipient cornea. 

Before a perforating graft could be placed successfully through the lamellar 
grait, this vascularization had to be destroyed. Irradiation was ineffective 
for such large vessels and peritomy unsuccessful for the main vessels were 
rapidly replaced by the development of 
some of the many adjacent small vessels. 

It occurred to me that the vascularity 
might be overcome by placing an annular 
lamellar graft outside the central lamellar 
graft, a thin ridge of recipient cornea 
being left intervening between the inside 
edge of the annulus and the lamellar graft 
(Fig. 1). This operation proved to be a 
successful method of considerably reduc- 
ing the vascularization beneath the lamel- 
lar graft and establishing suitable tissue 
through which a perforating graft could 
be placed. Even in severe cases of peri- 
pheral vascularization, the vessels from 
the limbus, in attempting to reach the 
sub-lamellar plexus, rarely succeeded in 
crossing the annulus superficially but did 
so by passing to the under surface of 
the annulus, then over the ridge of the 
recipient cornea between the annulus and 
the lamellar graft, and thence between 
the lamellar graft and the recipient 
cornea. The few vessels which thus 


Fic. 1.—Principles of operative procedure. succeeded in establishing communication 
(A) Initial 6-mm. lamellar graft. 














(B) Annular graft. with the plexus were considerably attenu- 
(C) Final 5-mm. perforating graft. ated as a result of traversing this devious 
route. 


In addition to the effect upon vascularization, the annular graft, in many 
cases, remained clear and sometimes produced a small degree of clarification 
of the surrounding cornea and of the central lamellar graft. 
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Observing this behaviour of the annular graft, I felt that a similar 
technique might be used effectively for the development within a grossly 
opaque cornea of tissue which could maintain a perforating graft as an 
optically clear structure. 


Technique 

The first stage of the operation is performed by placing a lamellar graft of 6 mm. 
diameter and 0-4 to 0-5 mm. thick, in a bed of exactly similar dimensions cut in 
the central area of the recipient cornea. The graft is centred by free-hand marking 
of the opaque cornea by means of a Graefe knife (Fig. 2). After staining with 
fluorescein, these marks form an excellent guide to the site of the trephine. I 
employ this method for all forms of corneal grafting. The cornea having been 
cut by the trephine to the required depth, the disc of tissue is now separated from 
the cornea by the use of a Paufique elevator which establishes accurately the 
plane of cleavage. Subsequent dissection and separation of the disc is performed 
by a Desmarres knife. The donor cornea is cut in an exactly similar fashion so 
that a disc of accurate and uniform thickness is produced. Great care must be 
paid to haemostasis in the recipient cornea, and bleeding vessels should be 
cauterized if necessary. When complete haemostasis has been achieved, the graft 
is placed in position and held by indirect mattress sutures. I consider that 
interstitial and superficial vascularization of the graft is more likely to occur if 
direct sutures are used. 

In the successful case, the graft remains relatively clear and free from vasculariza- 
tion, which, if present, is confined to the under surface of the graft between the 
graft and the recipient cornea. 

After a variable period, sometimes up to 6 or 9 months, sensitivity develops in 
the graft and annular grafting may then be performed. The cornea is centred by 
the method of free-hand marking already described and a 10-mm. trephine cuts 
the cornea to a depth of 0-5 mm. A concentric ring is now cut in the cornea with 
a 7-mm. trephine, again to a depth of 0-5 mm. The annular strip of corneal 
tissue lying between these concentric cuts is dissected from the cornea, first by the 
use of the Paufique elevator and then with the Desmarres knife (Fig. 3). 

By a similar method an annulus of the same dimensions is cut from the donor 
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Fic. 2.—Marking cornea to obtain centration. Fic. 3.—Dissection of annulus after concentric 
trephine cuts have been made. 
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eye and is sewn into position (Figs 4 and 5) on the recipient cornea after haemostasis 
has been achieved. By the method of free-hand marking and cutting with the 
trephines, some slight eccentricity of the annulus sometimes results; when this 
occurs it is frequently seen in both donor and recipient cornea to a similar degree, 
and with suitable manipulation a perfect fit can be obtained. 





Fic. 4.—Suturing donor annulus into position. Fic. 5.—Appearance when suturing is completed. 


The annular graft usually remains clear; some slight discrete, diffuse opacities 
are sometines seen and later sensitivity develops, the surrounding cornea clears, 
vascularization decreases, and even the opacity in the underlying cornea may 
become less dense. 

When the sensitivity of the cornea has completely returned and if the grafts are 
clear or contain only discrete scattered opacities, then a final 5-mm. perforating 
graft may be performed. It cannot be emphasized too strongly that the final 
perforating graft must not be attempted unless both the central lamellar and the 
annular grafts are relatively clear, and for this reason I wait at least 6 months 
before proceeding to the next stage. If opacifications occur in either or both of 
the grafts, I repeat the grafts modifying the size and position as befits the individual. 


Case Reports 

Case 1, a man aged 46, had gross corneal opacification after repeated attacks of corneal 
ulceration over a period of several years. A dense marble-like opacity of the cornea 
extended through the whole thickness of an area some 7x 8 mm., the periphery of the 
cornea was clear, and vascularization slight (Fig. 6). A 7-mm. lamellar graft was placed 
centrally and little vascularization occurred. It was considered that an annular graft 
was not required owing to the clarity of the peripheral cornea and the small amount of 
vascularization which had developed—a 5-mm. perforating keratoplasty was therefore 
performed. This final operation was performed in July, 1953, and the graft is still 
absolutely clear (Fig. 7) giving a visual acuity of 6/6. 


Case 2, a man aged 37, had suffered from recurrent attacks of corneal inflammation for 
10 years as a result of which a gross corneal opacity developed, the site of degenerative 
changes and superficial vascularization (Fig. 8). 

After preliminary lamellar grafting (Fig. 9), gross vascularization developed between 
the graft and the recipient cornea. An annular graft was done a year later (October, 1953: 
Fig. 10) with considerable improvement in the appearance of the cornea. A year later a 
perforating keratoplasty (Fig. 11) was performed and this graft has now been clear for 9 
months with a visual acuity of 6/9. 
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Fic. oo 1, before placing final perforat- Fic. 7.—Case 1, after perforating graft. 
ing graft. 





Fic. 8.—Case 2, pre-operative condition. Fic. 9.—Case 2, after 6-mm. lamellar graft. 





Fic. 10.—Case 2, after annular graft. Fic. 11.—Case 2, after perforating graft. 


Case 3, a man aged 65, had been gassed in 1917. The left eye showed a typical mustard 
gas keratitis but with the aid of a contact lens he had managed for many years with a 
visual acuity of 6/24. Recently the varicosities of the intra-corneal vessels had from time 
to time ruptured, causing an incapacitating intra-corneal haemorrhage which effectively 
obliterated his vision. His right eye had been quite blind ever since the gassing although 
light projection was accurate. The cornea of this eye was the seat of a gross opacity 
involving the entire thickness of the cornea with scattered areas of lipoid degeneration 
and observation subsequently confirmed by microscopy 
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pra 12.—Case 3, after 6-mm. central lamellar Fic. 13.—Case 3, after annular graft. 
graft. j 












Fic. 14.—Case 3, after perforating graft. 


I performed a lamellar graft on the right eye in January, 1953 (Fig. 12), an annular 
graft in June, 1953 (Fig, 13), and a perforating keratoplasty in January, 1954 (Fig. 14). 
Since that time the graft has remained absolutely clear, and the patient’s corrected vision 
is 6/12 and he can easily read N. 5. 


I wish to express my indebtedness to Dr. Peter Hansell and the staff of the Department of 
Medical Illustration at the Institute of Ophthalmology and to Dr. P. N. Cardew of the Photo- 
graphic Department of St. Mary’s Hospital for the illustrations. 
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EFFECT OF A CARBONIC ANHYDRASE INHIBITOR 
(DIAMOX) ON INTRA-OCULAR PRESSURE 
OF RABBITS AND CATS* 


BY 


J. GLOSTER anp E. S. PERKINS 


Institute of Ophthalmology, University of London 
Director of Research, Sir Stewart Duke-Elder 


THE observation by Becker (1954) that the oral administration of a car- 
bonic anhydrase inhibitor, 2-acetylamino-1, 3, 4-thiadiazole-5-sulphonamide 
(Diamox, Lederle), causes a reduction of ocular tension in many glaucoma 
patients has been fully confirmed by other investigators (Grant and Trotter, 
1954; Breinin and Gortz, 1954; Kleinert, 1954; Perkins, 1955). The 
efficacy of this drug is independent of the aetiology of the glaucomatous 
condition, a fact which suggests that it interferes with a basic mechanism 
concerned with the maintenance of intra-ocular pressure, and which has 
prompted investigations of its action on the intra-ocular pressure in normal 
animals. Grant and Trotter (1954) stated that intravenous injection of the 
sodium salt of Diamox reduced the intra-ocular pressure in normal rabbits, 
and Becker (1955) reported similar findings in rabbits and dogs. Becker 
estimated the intra-ocular pressure in conscious animals by tonometry, a 
procedure which has certain disadvantages, among these being the uncertainty 
of the absolute value of the intra-ocular pressures and the limitation of the 
number of readings which can be made in a given time; moreover, a simul- 
taneous record of the blood pressure could not be obtained and this is 
essential since variations in blood pressure may have a significant effect on 
the intra-ocular pressure of experimental animals. These disadvantages 
can be overcome by obtaining continuous manometric records of the intra- 
ocular and blood pressure. Using such methods the following experiments 
were performed. 


(1) EFFECT OF INTRAVENOUS INJECTION OF SODIUM DIAMOX ON 
INTRA-OCULAR PRESSURE IN RABBITS 

(a) Diamox (50 mg./kg.) Intravenously 

Method.—Rabbits, weighing 2-5—4 kg. were anaesthetized by the intravenous in- 
jection of a 25 per cent. solution of urethane in a dosage of 1-75 g./kg. One femoral 
artery was cannulated to provide a blood pressure record and a cannula was inserted into 
a femoral vein through which intravenous injections could be made. Two drops of 
1 per cent. pantocaine were instilled into both conjunctival sacs and No. 15 hypodermic 
needles were inserted into the anterior chambers; these were connected by means of 
polythene tubing to rubber membrane manometers of a type similar to those described 
by Davson and Purvis (1950), from which by means of an optical arrangement a contin- 
uous photographic record was obtained. The blood-pressure cannula was connected to 
a similar manometer. 

The substance injected was the sodium salt of Diamox made up as a 5 per cent. solution. 
A total 2-5—4 ml. (according to the weight of the animal) was injected over 30 sec. 
; *Received for publication July 20, 1955, 
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Results.—Altogether nineteen rabbits were investigated using a dosage of 50 
mg./kg. The results are presented in Table I (opposite). 

The primary aim of these experiments was to discover the effect of Diamox on 
the normal eye, and for this reason it was decided to eliminate results in which 
the following experimental conditions were not satisfied: 

(i) The intra-ocular pressures should have remained steady or should not have 
risen by more than 2 cm. H,0 in the 10 min. preceding injection of Diamox. 

(ii) The initial intra-ocular pressures should be between 18 and 27 cm. H,0, 
these being regarded as the limits of the physiological range of intra-ocular pressures 

- using this method of measurement. 

{iii) Reduction of intra-ocular pressure should amount to 2 cm. H,0 at least, 15 
min. after injection of Diamox, in order to be considered significant. 

(iv) Blood pressure should not have fallen by more than 5 mm. Hg 15 min. after 
Diamox injection; this condition ensured that any reduction in intra-ocular pressure 
was not the reflection of a change in the blood pressure. 

These criteria were fulfilled for thirteen rabbits for which results are given in 
Table I, although for three animals a satisfactory record of the intra-ocular pres- 
sure was obtained for one eye only. A significant fall in intra-ocular pressure was 
observed in eleven of the thirteen rabbits in this group. The reduction of pressure 
varied from animal to animal, but was usually 2-5 cm. H,O. 

Immediately after the injection of Diamox, there was frequently a marked 
transitory fall in blood pressure, but the original level was rapidly regained. A 
rapid rise of intra-ocular pressure often occurred simultaneously, but this was also 
a transient effect and the pressure fell to its original level within 3 minutes, after 
which a slow reduction in intra-ocular pressure became evident. These immediate 
effects on the intra-ocular and blood pressures are illustrated in Figs 1 and 2 
(overleaf). 

The effect over a longer period of time is illustrated in Fig. 3 (overleaf). In this 
animal there was a smal{ reduction of blood pressure immediately afier injecting 
Diamox, but the initial rise in the intra-ocular pressures was very small. Before 
injecting Diamox both intra-ocular pressures were rising slowly, the right being 
27 cm. H20 and the left 24 cm. H2O; 10 minutes later both had fallen to 20 cm. HO 
and this reduction continued slowly until, 30 minutes after giving Diamox, both 
intra-ocular pressures were 19 cm. HO. This record illustrates well that the action 
of this substance is rapid, since a fall in intra-ocular pressure in this rabbit was 
evident 60-120 seconds after injecting Diamox. 

It was not possible to determine the duration of the reduction of intra-ocular 
pressure because the blood pressure could not be maintained at a steady level for 

a sufficient time, but, in one rabbit, which maintained a fairly constant blood 
pressure for 2 hours, there was no certain indication that the intra-ocular pressures 
were recovering. 

In the six rabbits in which the criteria of normality were not met, the intra-ocular 
pressures were falling in three eyes when Diamox was injected and in these eyes 
no effect was found. Two rabbits having high intra-ocular pressures when Diamox 
was administered are of interest since there was a marked reduction of pressure. 
For example, Fig. 4 (overleaf) shows that after Diamox was injected the right 
intra-gcular pressure fell from 48 to 23 cm. H2O in fifteen min., while the left eye 
showed a fall of only 7 cm H20O in the same time. 
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TABLE I 


EFFECT OF INTRAVENOUS SODIUM DIAMOX (50 mg./kg.) 
ON INTRA-OCULAR PRESSURE OF RABBITS 





Fall in Intra-Ocular Pressure 
(cm. H,O) 
















































































Rabbit | Bye Initial Intra-Ocular Pressure 
(cm. H,O) 15 min. after Diamox Injection 

1 R 21 steady * | 5 
L 21 steady | 4 
2 R 48 rising * | 20 
L 24 steady 5 
3 “ee oa 22 steady 2 

L 22 steady Ye 
4 | R | 39 steady | 7 
L 27 steady 4 
5 | R | 23 steady | 2 
L 22 steady 1 
we A 18 falling * 0 
7 | R | 31 rising | 2 
L 30 rising 3 
8 | R | 52 rising | 17 
L 16 falling 0 
9 | R 25 steady | 4 
L 25 falling i) 
10 R 22 steady 5 
L | 27 steady 5 
Tw! R 18 steady 2 
L 21 steady 3 
12 a 18 steady 4 
tae | 18 steady 3 
13 R 19 steady 2 
L 23 steady 4 
14 R 21 steady 2 
L 18 steady 2 
15 | R | 18 steady | 0 
L 19 steady ] 
16 L | 18 steady 5 
17 R 18 steady 0 
Woh Be 4 19 steady | 4 
19 | R | 27 steady 7 
L 24 steady 4 

*** Steady” indi that intr lar p had not varied by more than 2.cm. H_O in the 10 minutes preceding 





the injection of Diamox. 
“ Rising” and “ falling 


H,O in the 10 minutes preceding the injection of Diamox. 





” indicate that the in(ra-ocular pressures had increased or decreased by more than 2 cm. 
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Solutions of the sodium salt of Diamox are alkaline, having a pH of about 9-1, 
and it was therefore necessary to eliminate the possibility that the intra-ocular 
pressure effect was due to the injection of an alkaline solution. Intravenous 


intravenous injection of Diamox [Na salt) (50mg./kg.) 
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Fic. 1.—Effect of an intravenous injection of 5 per cent. Sodium Diamox Solution 
(50-mg./kg.) on intra-ocular pressure of a rabbit. 
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Fic. 2.—Effect of an intravenous injection of 5 per cent. Sodium Diamox Solution 
(50 mg./kg.) on intra-ocular pressure of a rabbit. 
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Fic. 4.—Effect of an intravenous injection of 5 per cent. Sodium Diamox Solution 


Fic. 3.—Effect of an intravenous 
(50 mg./kg.) on intra-ocular pressure of 
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injections of a sodium hydroxide-glycine buffer, having a pH of 9-1, were therefore 
given to ten rabbits, but no effect on the intra-ocular pressure was found 
Similarly, injections of pyrogen-free water and saline were without effect upon the 
intra-ocular pressure. 


(6) Diamox (5 mg./kg.) Intravenously.—The clinical dosage of Diamox ap- 
proximates to 5 mg./kg. and it was therefore of interest to ascertain whether this 
dosage would reduce the intra-ocular pressure in rabbits. 

Method.—The same procedure was followed, except that a 0-5 per-cent. solution of 
sodium Diamox was injected. 

Results—Five rabbits were investigated. The results are given in Table II 
which shows that there was a small reduction in intra-ocular pressure in four 
animals. Figs 5 and 6 (opposite) show the effects in two rabbits. 


TABLE II 


EFFECT OF INTRAVENOUS SODIUM DIAMOX (5 mg./kg.) 
ON INTRA-OCULAR PRESSURE OF RABBITS 





| 


Fall in Intra-Ocular Pressure 

















Rabbit | Eye | Initial Intra-Ocular Pressure (cm. H,O) 
(cm. H,O) | 15 min. after Diamox Injection 
A ee. ee 24 steady * | 5 
| L | 22 steady | 2 
B tee es 22 falling * | 2 
as ae 22 falling 1 
Cc Pow | 23 steady 2 
| & | 25 steady 2 
Bo Bol oY ee 0 
i eae 16 falling 0 
E oe 19 steady 2 
| L 19 steady 3 








*See note in Table I 


(11) EFFECT OF THE INTRAVENOUS INJECTION OF SODIUM DIAMOX 
ON INTRA-OCULAR PRESSURE IN CATS 
Method.—Cats weighing 2-5—4-5 kg. were anaesthetized by the intraperitoneal 
injection of nembutal in a dosage of 43 mg./kg. body-weight. Blood pressure and intra- 
ocular pressures were measured as described in the experiments on rabbits. The sodium 
salt of Diamox was injected intravenously as a 5 per cent. solution in a dosage of 50 
mg./kg. 


Results.—Five cats were investigated and a fall in intra-ocular pressure was 
observed in four (Table III, overleaf). The results for two animals are seen in 
Figs 7 and 8 (overleaf). In cats, the injection of Diamox caused a transient fall 
in blood pressure, but, in contrast to rabbits, this was accompanied by a rapid 
fall in intra-ocular pressure followed by a rise to the initial level. As in rabbits, 
the slow fall in intra-ocular pressure began very soon after Diamox was injected. 
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intravenous injection of Diamox [Na salt] (5 mg./kg.) 
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Fic. 5.—Effect of an intravenous injection of 0-5 per cent. Sodium Diamox 
Solution (5 mg./kg.) on intra-ocular pressure of a rabbit. 
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Fic. 6.—Effect of an intravenous injection cf 0-5 per cent. Sodium Diamox 
Solution (5 mg./kg.) on intra-ocular pressure of a rabbit. 


(III1) EFFECT OF DIAMOX, ADMINISTERED LOCALLY TO THE EYE, ON 
THE INTRA-OCULAR PRESSURE IN RABBITS 
It has been suggested by Becker (1955) that Diamox induces a reduction in 


intra-ocular pressure by inhibiting carbonic anhydrase in the ciliary body and so 
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TABLE Ill 


EFFECT OF INTRAVENOUS SODIUM DIAMOX (50 mg./kg.) 
ON INTRA-OCULAR PRESSURE OF CATS 





| Fall in Intra-Ocular Pressure 
Eye Initial Intra-Ocular Pressure cm. H,O) 
| (cm. H,O) 15 min. after Diamox Injection 





22 steady * 
20 steady * 


13 falling * 
12 steady 








21 steady 
21 steady 


17 falling 
18 falling 














19 steady 
23 steady 





PA mw) ew enw eE7 
MAL NO!] AN! COO] aR 





*See note in Table I 


decreasing the rate of formation of aqueous humour. In order to examine this 
possibility the substance was administered locally to one eye only in a series of 
rabbits. The routes employed were: 

(a) subconjunctival injection 

(6) injection into the anterior chamber 

(c) injection into one carotid artery. 


(a) Subconjunctival Injection 

Method.—Intra-ocular pressures and blood pressure were measured as before, and 
needles were inserted subconjunctivally in both eyes and held in position by clamps. 
Three solutions were used: 

(i) 5 per cent. solution of sodium Diamox 
(ii) Solution of sodium Diamox adjusted to pH 7-4 in 0-1 m phosphate buffer and 
made isotonic by the addition of sodium chloride. The concentration of sodium 
Diamox was 2-5 mg./ml. 
(iii) Saturated solution of Diamox in physiological saline. 

These solutions were injected subconjunctivally in one eye and a control injection of 
physiological saline or phosphate buffer was made subconjunctivally in the other eye. 
The volume of solution injected varied from 0-25 to 1-0 ml. 

Results—In one rabbit to which the 5 per cent. solution was administered 
subconjunctivally there was a marked local reaction with chemosis and hyperaemia 
of the conjunctiva accompanied by a rise in intra-ocular pressure. The buffered 
solution of sodium Diamox injected subconjunctivally in another rabbit caused 
only slight local reaction, but there was no reduction of intra-ocular pressure. 
The saturated solution of Diamox failed to produce any fall in intra-ocular pressure 
in two rabbits when administered by this route. 


(5) Injection into the Anterior Chamber 


Method.—After inserting the needle for measurement of the intra-ocular pressure 
a second needle 0-25 mm. in diameter, through which the injections were made, 
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intravenous injection of Diamox [Na salt] (50 mg./kg.) 
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Fic. 7.—Effect of an intravenous injection of a 5 per cent. Sodium Diamox Solution 
on intra-ocular pressure of a cat. 


intravenous injection of Diamox [Na salt] (50 mg./kg. 
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Fic. 8.—Effect of an intravenous injection of a 5 per cent. Sodium Diamox Solution 
intra-ocular pressure of a cat. 


was inserted into the anterior chamber of each eye. At the time of the injection, 
the intra-ocular pressure of the eye was noted and the manometer reservoir was 
adjusted to this level and its tap opened so that the injection could be made at a 
constant pressure. Immediately afterwards the tap to the manometer reservoir 
was closed and the intra-ocular pressure recording continued. Two solutions 
were used: 


(i) Sodium Diamox solution buffered to pH 7-4 (as for subconjunctival injection). 
(ii) Saturated solution of Diamox in physiological saline. 


0-1 ml. solution was injected, an equal volume of phosphate buffer or saline being 
injected into the anterior chamber of the other eye. 
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Results—Administration by this route has been tried on only two rabbits but 
in neither was there any reduction in intra-ocular pressure. 


(c) Injection into the Carotid Artery 

Method.—The carotid artery on one side was exposed and a T-cannula was inserted so 
that injections could be made directly into the artery. The intra-ocular and blood 
pressures were recorded as before. A 5 per cent. solution of the sodium salt of Diamox 
was used the following volumes and rates of injection being tried: 

0-1 ml. in 3 sec., 1-0 ml. in 5 sec., and 1-0 ml. in 30 sec. 


Results.—Five rabbits were used, but in none did a definite ikea’ in intra- 
ocular pressure follow the injection. 


(IV) EFFECT OF INJECTIONS OF SODIUM DIAMOX SOLUTIONS ON 
BLOOD VESSELS 


The rapid transient fall in blood pressure and the initial rise in intra-ocular 
pressure after intravenous injections of solutions of sodium Diamox in the rabbit 
suggested that this substance has a vasodilator action, and the following experi- 
ments were carried out to test this hypothesis. 

Method.—The apparatus used is illustrated diagrammatically in Fig. 9. Rabbits were 
anaesthetized with urethane and a four-way cannula, A, was tied into the carotid or 
femoral artery. One inlet to the cannula 
was covered by a rubber cap, B, through 
which injections of a solution of Diamox 
or other substances could be made. The 
cannula was also connected by means of a 
polythene tube, C, to a capillary tube, D, 
100 cm. in length, behind which was a I-m. 
rule graduated in millimetres. Both C and 
D were filled with physiological saline and 
a small air bubble was introduced into the 
capillary tube. The other end of the capil- 
lary tube was connected through a tap, E, 
to a large flask, F, containing saline, the 
pressure of which could be maintained at 
various levels by means of a pump con- 
nected to the flask. The pressure was 
regulated by means of the tap, G, and was 
measured by a mercury manometer, H. The artery could be occluded proximal 
to the cannula by means of a clamp, J. In the “control runs’’, the air-bubble 
in the capillary tube was adjusted to a suitable position near the end connected to the 
flask, F, and its position read off from the metre rule, and the tap, E, was then closed. 
The pressure in F was raised to the required level and the clamp, J, was applied to the 
artery. On opening the tap, E, saline was driven into the artery and its rate of flow was 
determined by noting with a stop-watch the time taken for the bubble to reach the other 
end of the capillary tube; the movement of the bubble was stopped by closing the tap, E, 
quickly and the exact position at which it stopped was read off from the metre rule. 
The clamp, J, was immediately removed. In this way, the rate at which saline could 
be driven through the tissues supplied by the cannulated artery was determined and, 
knowing the cross-sectional area of the capillary tube, the volume flowing in unit time 
could be calculated. The cross-sectional area of the capillary tube was determined by 
injecting known amounts of saline from a micrometer syringe. In the “ saline runs ”’, 


Fic. 9.—Diagram of apparatus for studying 
effect of Diamox on arterial blood-flow. 
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0:5 ml. physiological saline was injected through the rubber cap, B, and 5 seconds later 
the clamp, J, was applied, the tap, E, opened, and the movement of the bubble in the 
capillary tube observed as before. The same procedure was followed for runs with 
Diamox and other substances, the volume injected being 0-5 ml. A 5 per cent. solution 
of the sodium salt of Diamox was used. 


Results.—The results of five experiments are summarized in Table IV, which 
shows that, after injecting a solution of the sodium salt of Diamox, the saline 
flowed more rapidly along the capillary tube than after injections of physiological 
saline. This increase does not appear to be due to the alkalinity of solutions of 
sodium Diamox since a faster rate was not observed after injections of a sodium 
hydroxide-glycine buffer of pH 9-1. The difference between the average rates for 
the “saline runs” and the “ Diamox runs” has been tested statistically for 
Rabbits 2, 3, 4, and 5, and the differences are significant. These results suggest 
that the sodium Diamox solution had a vasodilator action, but this effect was not 
as great as that caused by the injection of 2-5 wg. acetyl choline. The effect was 
transient, since “ control’ and “ saline runs” carried out 3 or 4 minutes after 
a “ Diamox run” did not show increased rates of flow of saline. 


TABLE IV 
EFFECT OF DIAMOX ON RATES OF FLOW THROUGH ARTERIES IN RABBITS 





Rate of Flow of Saline (cu.mm./sec.) 
Mean + S.E. (No. of Observations in brackets) 





Rabbit Artery 


Control Saline Diamox 
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DISCUSSION 


These experiments show that intravenous injections of the sodium salt 
of Diamox often cause a small reduction in intra-ocular pressure in normal 
eyes of anaesthetized rabbits and cats. In eyes having intra-ocular pressures 
above the physiological level, the effect was sometimes greater than in normal 
eyes. 

The initial rise in intra-ocular pressure and fall in blood pressure, which 
were observed in some rabbits, can probably be attributed to a transient 
vasodilator action of the sodium Diamox solution. Blood flow estimations 
confirmed that sodium Diamox can cause vasodilatation, which recovers 
within a few minutes. 

Apart from the initial temporary rise, it was tound that the intra-ocular 
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pressure began to decrease very soon after the intravenous injection of 
sodium Diamox; in all experiments showing a reduction in pressure, this 
was evident in 3 to 4 minutes, and in some the drop could be observed after 
60 to 120 seconds. This finding is in agreement with the results of Becker 
(1955) who was able to demonstrate by tonometry that a reduction in ocular 
tension was evident 5 to 10 minutes after the intravenous injection of Diamox. 

The rapidity of action of this substance on the intra-ocular pressure has 
been regarded as evidence in favour of the hypothesis that the intra-ocular 
pressure reduction results from a local effect upon the eye rather than from a 
systemic effect, but, in the present state of our knowledge, the rapidity of 
action of Diamox should not be accepied as proof of a local effect upon 
the eye. 

The failure to demonstrate a reduction of ocular tension after sub- 
conjunctival injection of solutions of sodium Diamox has been recorded by 
Grant and Trotter (1954) and by Becker and Demorest (1954) and our 
results are in agreement with this finding. Moreover, neither with injections 
into the anterior chamber nor into the carotid artery was a reduction in 


intra-ocular pressure observed. 
It is of interest to note that Green, Bocher, Calnan, and Leopold (1955) 


reported that the subconjunctival administration of 10 mg. Diamox in 
rabbits caused complete inhibition of carbonic anhydrase in the iris and 
ciliary body within 15 minutes. Despite this, our experiments showed that 
local administration of Diamox did not lower the intra-ocular pressure, 
and it must be concluded therefore that no evidence has been provided to 


support the view that a local action upon the eye is responsible for the 


reduction of intra-ocular pressure. 


SUMMARY 


Intravenous injections of sodium Diamox in doses of 5 and 50 mg./kg. reduced 
the normal intra-ocular pressure in anaesthetized rabbits and cats. 

Subconjunctival injections, intra-carotid injections, and injections into the 
anterior chamber did not reduce the intra-ocular pressure. 

Blood-flow estimations showed that sodium Diamox can cause a transient 
vasodilatation. 5 


We are grateful to Lederle Laboratories for supplying the Diamox used in these experiments. 
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GLAUCOMA TREATED WITH DIAMOX*+ 
PRELIMINARY REPORT OF 20 CASES 


BY 
Ss. M. DRANCE 
Oxford 


THE use of Diamox in glaucoma logically follows Friedenwald’s concept 
that the bicarbonate ion is secreted in the production of aqueous. Diamox 
is a powerful inhibitor of carbonic anhydrase and has been shown to be safe 
for human beings. By preventing, in part, the secretion of bicarbonate it 
diminishes aqueous production and consequently lowers intra-ocular 
pressure. 

The use of Diamox in glaucoma was first reported by Becker (1954) and 
further annotated by Grant and Trotter (1954). 

The present paper is intended as a preliminary report of the first twenty 
cases of glaucoma treated with Diamox in the Ophthalmic ss iehcce of 
the Edinburgh Royal Infirmary. 


Material 


The patients treated comprised twelve cases of secondary glaucoma, six of con- 
gestive glaucoma, and two of chronic primary glaucoma. The particulars of age, 
sex, and previous history are given in Table I (overleaf). 

The cases of secondary glaucoma included nine of uveitis with increased intra- 
ocular pressure (Cases 5, 7, 8, 10, 12, 13, 16, 18, 19), of which three were also 
aphakic (Cases 12, 13, 18); one was secondary to an intumescent lens (Case 20), 
one was secondary to an intra-ocular foreign body with traumatic cataract (Case 
11), and one followed perforating keratoplasty (Case 2). 

The patients with congestive glaucoma included five cases of acute congestive 
glaucoma (Cases 3, 4, 9, 14, 15) and one of repeated subacute congestive episodes 
with peripheral anterior synechiae (Case 6). 

In both patients with chronic simple glaucoma (Cases 1 and 17) operation was 
thought to be undesirable; Case 17 had had two previous drainage operations 
without adequate control, and Case 1 had already lost one eye through infection 
following a trephine operation. 

In the earlier cases Diamox was only used if the patient had failed to respond to 
other means of therapy, but later, as the potentialities and indications became 
clearer, patients were treated with Diamox as the drug of choice, especially in 
secondary and congestive glaucoma. 





* Based on a paper read to the Scottish Ophthalmic Club meeting in Edinburgh on March 12, 1955. 
+ Received for publication April 12, 1955. 
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Eye 


Diagnosis 


Previous History 





Bilateral 


Chronic primary glaucoma 


Right trephine, 1954, followed by 








Right 


Corneal degeneration ; kerato- 


plasty; secondary glaucoma 


Temporary reduction of tension with 
eserine, pilocarpine, and cortisone 








Left 


Acute congestive glaucoma 


Tension 57-67 mm. Hg. Paracentesis 


without relie! 





Acute congestive glaucoma 


Bilateral exfoliation of capsules 





Left 


| 
) 
) 


Disciform keratitis; secondary 
glaucoma 


| 
! 
| 
| 
| 


Cortisone and homatropine 





Bilateral 


Subacute congestive attacks 
of glaucoma 


Cupped discs, arcuate scotomata, 
narrow angle with peripheral an- 


terior synechiae. No response ‘to 
miotics 





Left 


Iridocyclitis; secondary 


jaucoma 


Iridocyclitis, Atropine given 





Bilateral 


Uveitis; secondary glaucoma 


Delay of 2 months after diagnosis 





Right 


Acute congestive glaucoma 


No response to miotics 





Left 


Subacute uveitis; secondary 
a 


aucom: 


On atropine 





Left 


Traumatic cataract after intra- 
ocular foreign body; 
secondary glaucoma 


No response to eserine and pilocarpine 





Left 


Cyclitis after extracapsular 
extraction; secondary 
glaucoma 


First rise in tension controlled by 
withdrawal of hyoscine 





Bilateral cyclitis with compli- 
cating cataract extraction of 
left lens; secondary glau- 
coma 


Anterior synechiae and obliteration of 
angle. Partial response to miotics 





Bilateral 


| 
| 
| 
| 
| 


Syphilis treated 27 years ago, recurrent 
subacute glaucoma, cupped atrophic 
discs, field changes; raised tension 
14.1.55 not controlled by eserine and 
pilocarpine but controlled by D.F.P. 





Left 


Acute congestive glaucoma 


Acute rise not reduced by miotics 





Bilateral 


Absolute glaucoma (right). 
Acute congestive glaucoma 
* (left) 


Right eye blind for 6 years. Left, no 
response to miotics 





Bilateral 


Iridocyclitis; secondary 
glaucoma 


Right eye blind. Left no response to 
atropine or iridectomy 





Bilateral 


Chronic glaucoma with re- 
peated operations 


hi. 





Bilateral trep 
left pth ves xv Bh 











Left 


Intracapsular extraction fol- 
lowed by cyclitis; secondary 
glaucoma 


No response to miotics 














Bullous keratitis, uveitis; sec- 
condary glaucoma 








| 


Intumescent lens; secondary 
glaucoma 


| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 
| 


Mature cataract 








. GLAUCOMA TREATED WITH DIAMOX 
PARTICULARS OF TWENTY CASES 





Ocular Tension Date of Ocular Tension Duration of 
starting (mm, Hg) on Therapy 
Diamox Diamox (weeks) 


Right Left 











1 Only temporarily controlled. 
Left trephine 





3 
continuous Controlled by Diamox 





Only temporarily controlled. 
Tridectomy 





10 days Control maintained with 
pilocarpine 


Controlled by Diamox 








Controlled by Diamox 





Controlled by Diamox 





77 (P.L.) \ 77 (6/18) 12. Not controlled. Iridectomies 





Not controlled. tridectomy 








Controlled by Diamox 





Controlled by Diamox 


me 
Al, Controlled by Diamox 
= 
fin 





Controlled by Diamox 





— 67 A. Not controlled. Iridectomy 





Controlled by Diamox 


67 57-67 _ 
(no P.L.) (6/24) 11.2.55 





40 15.2.55 | Controlled by Diamox 





36 _ sansa Only temporarily controlled. 


Right cyclodialysis 











_ | 7.3.55 | 31 Not controlled. Paracentesis 





=. {  R5SS "4 15-17 Controlled by Diamox 


| 





| 
| 31-36 21.2.55 | Controlled by Diamox 
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Results 


Cases were considered to be “ controlled ” where the ocular tension was 
lowered and remained at 26 mm. Hg or below. 

Diamox was considered to control a case if it reduced the tension by 
itself or if it was used in combination with other remedies which had failed 
to control the tension when used: alone. 

Cases were considered to be “ not controlled ”’ if the tension was lowered 
insufficiently and surgical intervention became necessary. 


Secondary Glaucoma.—In this group of twelve cases, ten (Cases 2, 5, 7, 10, 11, 
12, 13, 16, 18, 20) were considered controlled and two (Cases ‘8 and 19) not 
controlled. 

In the two non-controlled cases the glaucoma was secondary to uveitis. One 
(Case 8) had been known to have bilateral secondary glaucoma 2 months before 
she came to the hospital and at that time the visual acuity in one eye was 6/24, 
and the other eye was almost blind. The second patient (Case 19) was an old man 
aged 70 with bullous keratitis, uveitis, and secondary glaucoma; the ocular tension 
was lowered to 31-36 mm. Hg and operative intervention was undertaken. 


Congestive Glaucoma.—Of the six patients treated, three were considered con- 
trolled; one of these was controlled solely by Diamox (Case 4), whereas the other 
two (Cases 6 and 15) received Diamox and miotics but had not been controlled 
by the use of miotics alone. Two of the non-controlled cases showed so little 
improvement that operation was considered advisable (Cases 9 and 14); the sixth 
was only temporarily controlled (Case 3) and was subsequently operated upon. 


Chronic Glaucoma.—Both patients treated with Diamox showed an adequate 
but only temporary reduction in pressure. In the first case (Case 1) the tension 
rose after 7 days of therapy and a trephine operation was carried out. The other 
case (Case 17) was controlled by Diamox for 8 weeks, but then the tension rose 
again and cyclodialysis was performed. 


The detailed results are shown in Table I, and the cases are summarized 
in Table II. 


TABLE II 
SUMMARY OF RESULTS 




















Type of Case Number Number | Number not | Remarks 
Treated Controlled | Controlled | 
Secondary Glaucoma ... 12 10 | 2 | —— 
Congestive Glaucoma ... 6 3 | 3 | — 
Chronic Glaucoma we 2 2° | — ' *Control 
| only 
| | temporary 
tml aS ea 2 3=6| 13428) | 5 | *Control 
only 
| temporary 
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Dosage 

In congestive cases 500 mg. Diamox was given orally and repeated after 6 
hours if necessary. As all our congestive cases happened to occur at the 
beginning of the series we have not used Diamox intravenously as recom- 
mended by American authors. The congestive cases controlled by Diamox 
have been taken off Diamox and are now controlled by miotics alone. 

In all other cases 250 mg. Diamox was used orally every 6 hours with 
30 gr. sodium bicarbonate. When the tension was controlled on this dosage, 
the dose of the drug was reduced to 250 mg. twice daily and later in the series 
to 125 mg. 6-hourly which was found to be more effective. After that the 
dosage may be further reduced to 125 mg. thrice or twice daily, and in 
some cases, especially of secondary glaucoma, the drug can be discontinued 
when the inflammatory process subsides. 

The maintenance dose has to be worked out on a principle of trial 
and error. In one case 250 mg. 6-hourly was the only controlling dose; 
another required 250 mg. thrice daily, but most cases require less than that. 

In the cases on a high maintenance dosage the serum potassium and sodium 
levels have remained within normal limits and the patients are well. 


Side-Effects 
All the patients complained of tingling in the fingers and toes even when 
on small doses of Diamox. Some experienced polyuria and thirst but were 
not apparently inconvenienced. Two complained of dyspepsia. One, who 
had had a peptic ulcer previously (Case 4), discontinued the drug and was 
very fortunately controlled on miotics after that; the other is taking the 
Diamox with a glass of milk (Case 13). 


Conclusions 

(1) Diamox can exert a powerful effect in lowering intra-ocular pressure. 

(2) It reduces ocular tension in various forms of glaucoma, either alone 
or in conjunction with other drugs. 

(3) Diamox seems to be particularly valuable as a method of therapy 
in cases of secondary and congestive glaucoma. 

(4) In chronic simple glaucoma the tension is reduced by Diamox, but 
only temporarily; further studies in this form of glaucoma are desirable. 

(5) Fairly heavy doses of Diamox can be given for long periods without 
troublesome side-effects. 


Summary 
Twenty cases of glaucoma treated with Diamox are reported. The 
results, dosage, and side-effects are discussed. 


I wish to thank Dr. J. R. Paterson and Professor G. I. Scott for allowing me to treat cases under 
their care with Diamox. I also wish to express my gratitude to all members of the staff of the 
Eye Department, Royal Infirmary, Edinburgh, for their help and encouragement. 
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DIAMOX THERAPY IN FLAT CHAMBER* 


BY 


L. P. AGARWAL, K. SHARMA, anp S. R. K. MALIK 
From the Department of Ophthalmology, Medical College, Agra, India 


AFTER intra-ocular operations the anterior chamber may re-form slowly 
or not at all. Apart from cauterization of the leak, if it can be found, little 
can be done. A recent report of Murphy (1955) in treating a leaking 
chamber prompted us to try Diamox therapy in all cases of non-re-formation 
of the anterior chamber. 

The complication of non-re-formation of the anterior chamber after 
intra-ocular surgery, particularly after surgery of lens and glaucoma, has 
long been recognized. The two most common reasons for this complication 
are a leaking chamber and choroidal detachment. If the two are found 
together the chances of the recovery of the eye are meagre, and they usually 
result in the formation of anterior synechiae, secondary glaucoma, and 
loss of the eye. Kronfeld (1954) reviewed the question of delayed restoration 
of the anterior chamber with regard to aetiology and possible therapy. He 
regarded leaking of the anterior chamber as one and pupillary block as the 
other mechanism responsible for this complication. He advocated repair, 
removal of suture, strong miotics, and air injection in leaking cases, and 
mydriatics in pupillary block cases, with effective results. Murphy (1955) 
used Diamox in two cases of leaking chamber, giving 500 mg. twice daily 
with good results in both. 


Material 
45 patients in which the anterior chamber had not re-formed by the fifth post-operative 
day were chosen for this study. In 25 cases intracapsular or extracapsular cataract 
extraction had been done, in ten trephine, and in the remaining ten iridencleisis. 
Method 


All these patients were given 250 mg. Diamox orally morning and evening for one 
week or until 2 days after the restoration of the anterior chamber, whichever was earlier. 
If the chamber did not form after one week of therapy the case was regarded as a failure 


Results 


The anterior chamber was restored in forty of the 45 cases and in five the 
treatment was a failure. The cases in which the chamber did not form had 
all been operated for cataract. In two of these the chamber was leaking and 
was restored after cauterization (of the whole extent of the section) with 
2 per cent. trichloracetic acid. Of 23 cases associated with choroidal de- 
tachment only three did not respond and were discharged. The results are 
summarized in the Table (opposite). 





*Received for publication June 27, 1955. 
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TABLE 


RESULTS OF DIAMOX THERAPY IN NON-RESTORATION OF ANTERIOR 
CHAMBER AFTER OPERATION 

































































Cause of No. of | Dose of} No. Chamber Re-formed | Total 
Type of Non-restor- Cases | Diamox}| of (No. of Days) Cured 
Operation ation Treated Fail- 
ures | 1 | 2 | 3 | 4|5 
Leaking cham- 12 250 2 4; 2| 3;—| 1 10 
ber with mg. 
choroidal twice 
detachment daily 
Cataract —— 
Extraction Choroidal 13 250 3 2} 4) 3] 1|— 10 
detachment mg. 
with or with- twice 
out leaking daily 
chamber 
Leaking cham- 4 250 — 1}; 2} 1|}—J— 4 
ber without mg. 
choroidal _ twice 
—— detachment daily 
or 
Glaucoma Leaking cham- 6 250 — bed aay Sy ee ke Ai ed 6 
ber with mg. 
choroidal twice 
detachment daily 
Leaking cham- 6 250 — 3) sae Be 1|— 6 
ber without mg. 
choroidal twice 
detachment daily 
Iridencleisis 
Leaking cham- 4 250 — YE a 1};—}|]— 4 
ber with mg. 
choroidal twice 
detachment daily 
Discussion 


Of the 45 cases, 23 were those complicated by choroidal detachment. 
The frequency of this association is not fully realized from Kronfeld’s series. 
A fundus examination should be done as a routine when the chamber has 
not re-formed within a reasonable time (by the fifth day after the operation). 
What Kronfeld terms a pupillary block may actually be due to a 
degree of choroidal detachment, and his advocacy of mydriasis in these 
cases is in keeping with the recognized treatment of choroidal detachment. 
Murphy (1955) administered Diamox in two cases of leaking chamber with 
good results but did not try this therapy in other conditions. He believes in 
a relationship between Diamox administration and restoration of the anterior 
chamber and suggests that the passage of aqueous through the wound may 
be diminished with a consequent acceleration of epithelial and fibroblastic 
repair. This may be quite true of the cases of leaking chamber. Our 
experience of the restoration of the anterior chamber in cases of non-formation 
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not associated with wound leakage suggests that, though the explanation 
offered by Murphy may be one of the mechanisms of acticn, it does not 
cover the whole field. Some other mechanism also seems to play a part 
in the restoration of anterior chamber; perhaps a diminished pressure in the 
posterior chamber pulls on the iris and, so that it falls back, remains in this 
position, and allows the chamber to re-form. With the re-formation of the 
anterior chamber the choroidal detachment also disappears, through the 
re-adjustment of pressure in the various ocular compartments. 


Summary 
(1) 45 cases of non-restoration of the anterior chamber (25 after cataract 
extraction, ten after trephine, and ten after iridencleisis) were reviewed. 
(2) Choroidal detachment was found to be an important cause of non- 
restoration of anterior chamber. 
(3) Diamox was effective in restoring the anterior chamber in 88 per cent. 
of cases. 
(4) The mechanism of action of Diamox is uncertain, but it may cause a 
re-adjustment of pressures in the ocular spaces and at the ciliary head. 
The authors wish to express their thanks to Messrs. Lederle Laboratories, Pearl River, New 
York, for the supply of Diamox. 
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ESSENTIAL SHRINKAGE OF THE CONJUNCTIVA IN 
EPIDERMOLYSIS BULLOSA HEREDITARIA* 


BY 


MAHMUD ALI SHAH anp MUBARIKA SHAH 


From the Departments of Ophthalmology and Paediatrics, Dow Medical College, and 
Civil Hospital, Karachi, Pakistan 


EPIDERMOLYSIS bullosa is a rare hereditary disease, appearing at variable times 
after birth, in which, for reasons not yet clearly understood, bullae appear 
on the skin with, and sometimes without, the slightest trauma. Ocular 
involvement is extremely rare. Parts of the eye reported to be affected are 
the eyelids (Tobias, 1928), the cornea (Pernet, 1904; de Schweinitz, 1913; 
Ziegler, 1913; Montpellier and Lacroix, i920), and the conjunctiva. In- 
volvement of the conjunctiva ultimately leads to its essential shrinkage, but 
of this very few cases are on record. Cohen and Sulzberger (1935) could 
collect only four cases in the ophthalmological and dermatological literature, 
and Sorsby and others (1951), reviewing the relevant literature, brought the 
number of reported cases to six, and presented two cases of their own as 
vesicular affections allied to epidermolysis bullosa. 

The findings in the case reported below are compatible with epidermolysis 
bullosa hereditaria, involving the cornea and causing essential shrinkage of 
the conjunctiva. The patient’s family tree is shown in Fig. 1. 
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Fic. 1.—Family tree. 


- Died of fever. G. Blind (cause not known). 
. Died of diarrhoea and vomiting. H. Moderately myopic. 
. (Case reported in full. I. Freckles on nose and cheeks. 
. Died of kidney trouble; blind (? due to J. Died of diarrhoea. 
measles). K. Died of vomiting. 
. Died of small pox. L. Puberty goitre. 
- Died of small pox. 





*Received for publication March 21, 1955. 
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Case Report 
A married woman aged 35 was admitted to the Civil Hospital, Karachi, on December 1, 
1950, with symblepharon, for reconstruction of the inferior conjunctival fornices of both 
eyes. There was a peculiar dark- to light-brown mottling of the skin of the lids, face, 
and body. The history of the skin lesion and eye condition dated from infancy. 


Family History.—The patient’s mother, aged 65, was stated to be alive and healthy, 
and the father was reported to have been free from any significant disease. There was 
no consanguinity. The ten children born of this union could be divided into two groups; 
those who were apparently healthy, and those who exhibited skin lesions (Fig. 1): 

(1) The first group (II, 1-5) comprised five children which were all healthy. Two males 
died in infancy and the offspring of the rest were stated to be healthy except those of one 
female aged 38 (II, 5), who was married to a healthy male with no consanguinity. Of their 
seven children (III, 7-13), two females showed marked pigmentation of the skin of the hands 
and feet, which was thickened and ridged, loose irregular teeth, and bieeding gums. One of 


these two, in addition, had chronic suppurative otitis media, chronic trachoma, and history 
of discrete bullae on the legs and feet. Some of these bullae were septic and appeared as 


granulomatous ulcers. Investigations were not permitted of any member of this group. 
(2) The second group (II, 6-10) also comprised five members, all of whom were reported 


to have been suffering from a vesicular affection of the skin.. One female aged 35 (II, 6), 
who forms the subject of this report, is married (noncc guineously) and has two daughters 


(III, 14 and 15) who are both healthy. 


Clinical History.—The patient started to have “ blisters’ on her skin from the third 
day after birth. The blisters, which were filled with clear fluid, appeared first on the 
ankles, later spreading to leg, forearm, and then to the rest of the body. They came in crops, 
each crop lasting 8 to 15 days. On healing they left pigmented scars. As far as could 
be ascertained there was no association of injury with the production of blisters. The 
interval between the recurrence increased progressively from 2 or 3 months to 2 years, 
the patient remaining comparatively free from blisters in the intervening period. No 
blisters have appeared since the age of 15, but the patient thinks she is more prone than 
others to minor injuries becoming septic. There is itching all over her body in winter 
months, but chiefly on the arms and legs. There is vague history of occasional difficulty 
in swallowing for “‘a number of” years. Other points of interest are: 


(i) Delayed dentition, first tooth appearing at the age of 15 months. 
(ii) “ Sore eyes ” from “ childhood ” at irregular intervals. 
(iii) Operation on both eyes at the age of 14 for “‘a membrane growing on the eyes” 
(? false pterygia), but the lower lids have been stuck to the eyeballs since childhood. 
(iv) Gums spongy and teeth loose “very early ’’; by the age of 15 she was edentulous, 
some teeth having fallen out, and others having been extracted. 


(v) Measles at the age of 4 years. 





Physical Examination.—Average build, fairly good general health, edentulous. 
(i) Skin.—Generally thin and atrophic, stretched and glossy over the palms. The lip 
margins are ill defined. The whole body shows light- to dark-brown pigmentation (hair 


partly grey, nails within average limits, no milia). 


(ii) Eyes.—Palpebral fissure narrower than normal. Upper lid margin crosses the cornea 
about the middle in both eyes. The skin of the lids shows light-brown mottling. Palpebral 
conjunctiva of upper lids shows superficial scarring over papillary hypertrophy. Superior 
fornix shows a few trachoma follicles (upper half of bulbar conjunctiva appears normal). 
Inferior fornix in both eyes obliterated by dense scar tissue (Fig. 2). Corneae show 
regressive trachomatous pannus in the upper third, sparsely vascularized superficial 
opacities in the lower quarter, extending from about 3 to 9 o’clock, and multiple nebulae 
elsewhere. Vision reduced to 6/36 in both eyes, Interior as far as can be examined appears 


within average limits. 





EPIDERMOLYSIS BULLOSA HEREDITARIA 


Fic. 2.—Scar tissue in inferior fornices. 


Investigations 

Laboratory Findings.—Essentially negative. Results of uroporphyrins and copro- 
porphyrins inconclusive. Radiological studies of skull showed the sella turcica within 
normal limits. Skiagrams after barium meal revealed no organic cause of dysphagia. 
Ilodides internally (as suggested by Cohen and Sulzberger, 1935) had no effect. Patch 
test with potassium iodide and potassium bromide negative. 


Skin.—Sections from outer part of right arm and right lower lid was reported on 
by Dr. H. Haber with the corroboration of Dr. John O. Oliver (Department of 
Pathology, St. John’s Hospital for the Diseases of the Skin, London): 


Eyelid (Fig. 3a and b, overleaf).—The epidermis is thin and the epidermo-dermal junction 1s 
flattened, in keeping with the normal histology of the eyelid. The striking feature is a sub- 
epidermal oedema, patchy slit formation and total detachment of the epidermis from the 
underlying corium in several places. Staining for elastica reveals an absence of the sub- 
epidermal garland and of elastica fibres at the stratum papillare and subpapillare. Solar 
elastosis arranged round follicles and extra follicular patches can also be demonstrated. 
There is no inflammatory response noticeable within the corium. The histology is in keeping 
with epidermolysis bullosa hereditaria. . 

Arm (Fig. 4a and 6, overleaf).—The epidermis shows hyperkeratosis, atrophy, and acan- 
thosis. The epidermo-dermal junction is flattened with oedema and slit formation in several 
places. There is considerable pigmentary incontinence demonstrable which might be due 
to the disturbance at the epidermo-dermal junction. The subepidermal garland is absent 
and the stratum subpapillare reveals the elastica to consist of the thick dark blue blocks. 
The midcutis shows normal elastica fibres. There is no appreciable inflammatory response 
demonstrable. The histology is compatible with epidermolysis bullosa hereditaria. 


Treatment.—Symblepharon was corrected by conjunctivoplasty on January 9, 1951, 
with fairly satisfactory results (Fig. 5, overleaf). 


Discussion 

The hereditary nature of the affection, the skin, and conjunctival lesions, 
and the histopathological findings of the skin suggest the diagnosis. It will 
be noted that there is subepidermal slit formation in contradistinction to 
intra-epidermal slits as in pemphigus. 

Ocular findings, except for the symblepharon and the opacities in the 
lower part of the corneae, suggest chronic trachoma. Symblepharon 
would be the logical result of the bullae on the conjunctiva but why this 
Should have been limited only to the inferior fornices is not clear. In view 
of the history of operation, on both eyes, 20 years ago, the corneal opacities 
could be attributed to false pterygia, as a direct consequence of bullae on the 


conjunctiva and the cornea. 
Clinically, epidermolysis bullosa has been divided into the simple and 
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Fic. 3(a).— 
Biopsy of 
eyelid. 





Fic. 3(b).— 
Biopsy of 
eyelid, 





dystrophic varieties. It is difficult to fit the case reported into either of 
these forms as it shows some features of each. The good health of the patient, 
the normal hair and nails, the absence of epidermal cysts, and the fact that 
the disease has in time burnt out, point to its being of the simple variety. 
On the other hand, the reported appearance of bullae soon after birth, the 
generalized distribution, the abnormality and early decay of teeth, and the 
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Fic. 4(a).— 
Biopsy of 


skin of arm. 





Fic, 4(b).— 
Biopsy of 


skin of arm. 





Fic. 5.—Palpebral tissue after correction 
of symblepharon. 
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involvement of the conjunctiva and possibly of the cornea with scarring, are 
features usually attributed to the dystrophic variety. 

It is not possible to make a final assessment of the mode of inheritance of 
the disease. Some members of the family could not be examined and the 
pedigree is limited to two generations. From the evidence available irregular 
dominance would appear to be suggested. 


Summary 
A study is presented of a case of essential shrinkage of conjunctiva in 
which the findings were compatible with epidermolysis bullosa hereditaria. 


‘ We wish to thank Prof. Arnold Sorsby for help in having the biopsy slides examined and for 
elucidating some points in genetics, Doctors H. Haber and John O. Oliver for their expert histo- 
pathological report on skin biopsies, Prof. Parker Heath for much valuable instruction and 
discussion during the period that one of us (M.A.S.) worked in his laboratory at Boston, Mass.; 
Dr. Violet E. Hawkinson (Minneapolis) for suggestions and references, and for making available 
standards for estimating porphyrins in the urine, and Dr. Abrar Hussain (Edinburgh) and the 
photographic department of the University of Edinburgh for the photomicrographs. The willing 
cooperation received from the Departments of Clinical Pathology and Radiology of the Civil 
Hospital, Karachi, and from the technical staff of the Pathology Department of the Dow Medical 
College, Karachi, is also gratefully acknowledged. 
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SYMPTOMS OF CONGESTIVE (CLOSED-ANGLE)* 
GLAUCOMA OCCURRING IN EYES WITH 
A WIDE CHAMBER ANGLEt 


BY 
P. L. BLAXTER 


Manchester 


THOUGH it has been acknowledged since the beginning of the 20th century 
that primary glaucoma manifests itself in two distinct ways, earlier text- 
books on the subject (Elliot, 1918; Henderson, 1910) do not recognize these 
as separate conditions but merely as variations resulting from differences 
in the degree of reaction to the same constant pathological factor. Thus, 
whilst Elliot describes the non-congestive attack of glaucoma with its charac- 
teristic lack of subjective symptoms, he states that this can pass at any time 
into a congestive phase. 

Modern methods of examination, and especially the use of the gonioscope, 
have now enabled us to divide the primary glaucomas into two distinct 
conditions differing in aetiology, symptomatology, prognosis, and treatment. 

Closed-angle glaucoma may occur at any age, but typically affects younger 
people than chronic simple glaucoma, especially when congestive attacks 
apparently due to increase in the size of the lens are discounted. Usually 
the symptoms are easily recognizable and these have been fully described by 
Miller (1952) and others; the condition manifests itself either as an acuce 
attack, or as a series of minor congestive episodes gradually increasing in 
severity until an acute attack occurs or until organic changes occur in the 
angle of the anterior chamber and the disease enters a chronic phase. The 
characteristic symptom of the early congestive attacks is misty vision and the 
appearance of haloes around lights, occurring typically when the patient is 
tired or worried, in the evening, especially after watching the cinema or 
television, or occasionally after reading (Higgitt and Smith, 1955). 

Simple glaucoma, on the other hand, is a disease of insidious onset, seldom 
producing any subjective symptoms in the early stages. It can occur at any 
age but is most common in patients over 60. Haloes are said to occur only 
very rarely in simple glaucoma and then only when the disease is in a late 
stage, although Sugar (1951) states that he has occasionally found them in 
cases of early simple glaucoma. In 99 patients Miller (1952) found that 
eleven advanced cases had haloes but none had them as a presenting symptom. 
In Miller’s series no patient suffering from glaucoma simplex complained of 
intermittent attacks of misty vision. 





*This term was recommended at the International Congress in New York to describe the condition previously 
referred to as congestive glaucoma or narrow-angle glaucoma (Duke-Elder, 1954). 


+Received for publication July 4, 1955. 
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The reports of gonioscopy findings have further strengthened the division 
between the two types of glaucoma. The angle in simple glaucoma is 
usually medium or wide and the depth of the anterior chamber normal. 
This, however, is not always the case, as the angle can be any width varying 
from wide to narrow as can the angle in the normal eye. The term “wide- 
angle” glaucoma advocated by Barkan (1938) is thus misleading, and the 
term ‘“‘ normal angle width ” should be used for glaucoma simplex should a 
gonioscopic classification of glaucoma be desired. In 99 cases of glau- 
coma simplex, Miller found that the angles had been classified as 
narrow in twenty, and medium-broad in 75 (the remainder being unclassified). 

Closed-angle glaucoma is associated, almost invariably, with a narrow 
chamber angle and a shallow anterior chamber. Miller found that of 81 
cases of closed-angle glaucoma 61 had narrow angles, and Higgitt (1954) 
found that in all of 122 eyes with closed-angle glaucoma the angle was 
narrow. Sugar (1951) considers that an angle narrow enough to become 
blocked is the essential feature of congestive glaucoma, and that if gonioscopy 
fails to reveal this the diagnosis is excluded. He further points out that 
whilst a narrow angle is usually associated with a shallow anterior chamber, 
this is not invariably so, and that therefore cases of glaucoma can only 
be classified by gonioscopy as examination of the periphery of the cornea 
with the ordinary slit lamp is not reliable. I personally feel that the impor- 
tance of these remarks cannot be over-emphasized. 

The response of the two types of glaucoma to provocative tests also helps 
to accentuate their essential differences. 

It is not easy to assess the value of the water-drinking test from reports in 
the literature, as the results are conflicting, and it is not always clearly stated 
what types of glaucoma are being considered, not whether they are in an 
early or advanced stage of the disease. In my experience this test, when 
performed on eyes of which the initial tension is normal, will only give 
positive results when there is an obstruction to aqueous outflow. These 
consist of cases of simple glaucoma or cases of chronic closed-angle 
glaucoma in which there are organic changes in the angle. The test is of no 
value in cases of closed-angle glaucoma between attacks when the angle is 
open. 

The dark-room test, on the other hand, is essentially a test for closed-angle 
glaucoma. Higgitt (1954) found that the average rise after 1 hour in the 
dark was 2-1 mm. Hg (Schiétz), and that cases of simple glaucoma gave the 
same figure, although there was a greater range of changes in tension when 
individual eyes were considered. However, in 91 cases, only two gave a 
rise of over 10 mm. Hg, the maximum being 14 mm. Hg. 

In 122 eyes with closed-angle glaucoma in all of which the angles were 
narrow, the average rise was 16 mm. Hg and the highest individual rise 
64 mm. Hg; this test produced 78 per cent. of positive results. 

The mydriatic test also will only produce a rise in tension in closed-angle 
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glaucoma. The pattern of the phasic variations of the ocular tension again 
is different in the two conditions. In chronic simple glaucoma there appears 
to be an exaggeration of the normal diurnal variation so that changes in 
tension follow clear-cut patterns (Langley and Swanljung, 1951) changing 
little from day to day, but showing a gradual increase in their range and the 
height of the base line until the tension becomes permanently raised above 
the normal limit. 

In the early stages of closed-angle glaucoma, the ocular tension is com- 
pletely normal between attacks which at first are usually of short duration 
and occur at long and irregular intervals. It should be remembered in this 
respect that these sudden rises in tension can, we believe, be produced by 
worry, so that if this occurs when a patient attends a clinic for a provocative 
test, and a positive result is obtained, the increase in tension may be due 
not to the test itself but to anxiety. It must also be pointed out, however, 
that sudden rises due to this cause do not appear to occur in chronic simple 
glaucoma, so that if such a rise is obtained it may give a false impression as 
to the efficiency of the test, but will still confirm the diagnosis of closed-angle 
glaucoma. This point will be referred to again when discussing the indi- 
vidual cases. 

Finally, the recent development of tonometry and similar massage tests 
has done much to accentuate the essential differences in the two conditions, 
and to give a clue to the aetiology of simple glaucoma, just as gonioscopy 
has assisted the study of closed-angle glaucoma. These tests indicate that 
an obstruction to aqueous outflow is present in at least a very high proportion 
of cases of simple glaucoma even in the early stages. 

All the above facts have given us a clearer understanding of the aetiology 
of glaucoma, at least as far as the immediate cause of the increase in tension 
in adult glaucoma is concerned. 

From the evidence available, it seems probable that simple glaucoma is a 
condition in which there is a permanent embarrassment to the outflow of 
aqueous so that the effect of the vascular changes which we believe to cause 
the normal diurnal variation in intra-ocular tension becomes exaggerated 
in the glaucomatous eye, producing phases of pathologically high tension at 
certain times of the day. As the degree of obstruction progresses, so the 
periods of raised tension increase in magnitude and duration until finally 
the tension is permanently raised. The lack of gonioscopic evidence of 
any change in the filtration angle suggests that this obstruction is sited in the 
intrascleral vessels draining Schlemm’s canal. 

Closed-angle glaucoma is usually associated with a narrow angle, and 
attacks are believed to be due to sudden episodes during which this angle 
becomes blocked by the iris root. Whether the block is caused by changes 
in the ciliary body or iris root or by a primary pupillary block as suggested 
by Barkan is still a matter.of conjecture. 

If one accepts these facts on principle, it follows that the treatment of 
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simple glaucoma, either medical or surgical, depends upon increasing the 
facility of aqueous outflows from Schlemm’s canal either by the use of 
miotics to lower the episcleral venous pressure, by the surgical construction 
of new drainage channels, or by diminishing the secretion from the ciliary 
body. 

In closed-angle glaucoma the attacks of high tension can be avoided by 
preventing the root of the iris from closing the angle. This may be done by 
miotics or with a basal iridectomy, either peripheral or complete. It is 
only when permanent changes due to peripheral synechiae have occurred 
in the angle that a filtering operation will be necessary. 

Because there is this clear-cut difference between simple and closed-angle 
glaucoma it is important to be certain of the type of glaucoma we are dealing 
with before deciding upon our method of treatment. The description of the 
mode of onset of the two conditions makes this at first sight a relatively 
simple process, but whilst it is true to say that attacks of haloes and misty 
vision are symptomatic of narrow-angle glaucoma, these symptoms can 
also occur in the presence of a wide or medium angle, and unless we ap- 
preciate this fact we may be mislead into performing simple iridectomies on 
patients in whom the operation has no chance of success. 

As already pointed out, the apparent depth of the anterior chamber is 
not an infallible guide to the problem, and only after examination with 
the gonioscope can an accurate diagnosis be made. 


Present Investigations 
The cases to be discussed, all of which presented with typical symptoms of 
closed-angle glaucoma, comprise only a very small proportion of those seen 
at the glaucoma clinic, but I feel it worth while to record them as their 
recognition may prevent unnecessary or unsuccessful treatment, and may 
also serve as a warning against a too dogmatic conception of the glaucomas. 





(1) The first type of case does not represent a new condition, as it has been 
known for some 50 years that uveitis can cause transient attacks of haloes 
and misty vision with minimal signs of inflammation (Duke-Elder, 1940), 
and groups of these cases have been described by Posner and Schlossman 
(1948) and others, under the term ‘“ glaucomato-cyclitic crises”. This 
syndrome consists of recurrent attacks of increased tension, with blurring 
of vision and sometimes haloes, associated with minimal signs of anterior 
uveitis, which can usually be recognized only with the slit lamp. The eye 
is relatively white and there is usually little discomfort and no pain. 
Theodore (1952) noted that the pupil in the affected eye is larger than that 
in the normal eye. The attack runs a characteristic course. The tension 
may rise to over 70 mm. Hg, but usually settles rapidly, often in a few 
days. The keratic precipitates are small, white, and generally few in 
number, but it may take about a month for them to disappear completely ; 
it is their presence that gives the only clue to the diagnosis. The attacks 
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tend to recur but in spite of this the prognosis is said to be invariably 
good. The tension settles spontaneously and there is no damage to the 
optic nerve, and consequently no necessity for drastic treatment. Cases 
have been reported to do well on cortisone, but a weak mydriatic is 
usually sufficient. 


Several cases of this type have been seen at the glaucoma clinic; many were 
referred as cases of suspected congestive glaucoma, but this diagnosis was usually 
rapidly excluded by gonioscopy. Unless the patient is seen during an attack the 
tension will be normal and all provocative tests will be negative. 

However, if the patient is told to report when attack develops the keratic 
precipitates will eventually be discovered. 


Typical Case of Posner-Schlossman Syndrome 


A male, aged 27, was first seen in March, 1952. One week previously the right vision 
had been blurred for 2 days. Vision in the right eye was 6/6, the eye was white. The 
anterior chamber was of normal depth and no abnormality was detected in the anterior 
or posterior segments. The ocular tension was 24 mm. Hg Schiétz. Vision in the left 
eye was 6/24, not improved. There was a traumatic mydriasis, and the scar of an old 
choroidal rupture involving the macula. Apart from this the eye was normal. The 
ocular tension was 18 mm. Hg SchiGtz. 

He attended again in April, 1954, complaining of two further attacks of blurred vision 
in the right eye, the last one 10 days previously; this time the attacks were accompanied 
by haloes. Vision in the right eye was 6/6, no abnormality could be found, a Schidtz 
reading was not taken at this visit but the ocular tension was recorded as being normal 
to fingers. The left eye had not changed from the previous visit. 

The patient was referred to the glaucoma clinic as a case of suspected congestive 
glaucoma. Here all tests proved negative. He was found to have wide chamber angles 
in both eyes with no P.A.S. 

The tension was never found to be above 26 in the right eye. The dark-room and 
water-drinking tests showed no significant rise. A bulbar pressure test showed a fall of 
32 per cent. in the right eye and 34 per cent. in the left. 

Although there was no evidence of glaucoma the patient was told to report again 
immediately should he get another attack, and he attended again in June, 1954, having 
had an attack of blurring in the right eye 2 days before. Again the right vision and tension 
were normal, but he was found to have three fine white keratic precipitates in the right eye. 

A diagnosis of glaucomatocyclitic crises was made. 

In September, 1954, he attended again, having had an attack of blurred vision and 
haloes the day before in the right eye. The visual acuity was still 6/6 and the optic disc 
normal. Ocular tension was 52 mm. Hg Schi6tz in the right eye and three fine white 
keratic precipitates and one large one were seen. The aqueous was clear. He was put 
on 0-5 per cent. atropine drops, and when he was seen a week later the tension was normal 
and only the large keratic precipitate remained. 


(2) The second group of cases are examples of congestive symptoms occurring 
in relatively young patients with primary glaucoma. In none is there any 
gonioscopic evidence of angle-block. 

Case 1.—A male dental surgeon, aged 41, attended in May, 1954, for a routine refraction 
and mentioned that he had been seeing occasional haloes in the evenings accompanied by 
slight headache. These had occurred in both eyes about once a week for the last few 
months, and were occasionally accompanied by slight blurring of vision. There was no 
family history. 
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Visual Acuity.—Right eye 6/5 with 1 Dcyl. and 1 D sph. 90°. Left eye 6/5 with —0-5 
D cyl. and —2 D sph. 90° 

The discs were normal and the visual fields full. 

Although he was complaining of no symptoms at the time of examination the ocular 
tension was 40 mm. Hg Schiétz in the right eye, and 35 mm. Hg Schi6tz in the left. He 
was referred to the glaucoma clinic. 

At the clinic 3 days later the ocular tension was 27 mm. Hg Schi6tz in the right eye 
and 32 mm, Hg Schi6tz in the left eye. He had had 1 per cent. pilocarpine in both eyes 
1 hour before. Gonioscopy showed the angles to be medium-wide above and below and 
a little narrower at the sides but definitely open. No P.A.S. were seen. Tonography 
gave a reading of 0-04 right and 0-03 left. The bulbar pressure test showed a fall of 
10 per cent. in both eyes. He was put on 2 per cent. pilocarpine and 0-5 per cent. 
eserine drops three times daily. 

When seen 3 weeks later he was still on miotics. The ocular tension in the right eye was 
29 mm. Hg and in the left 32 mm. Hg. Tonography was still only 0-05 in the right eye 
and 0-06 in the left. The discs (and fields) were still normal. He was admitted for 
bilateral trephines. 

Case 2, a female, aged 45, attended in April, 1954, complaining of misty vision and 
haloes occurring in both eyes every morning for the last year. One year ago she had 
attended hospital where she had been put on miotics for a few days and then told she was 
all right. This time she was referred to the glaucoma clinic. 

There was a very strong family history of glaucoma; her mother was blind with the 
disease, her maternal aunts and uncles all had glaucoma, her grandmother and great 
grandmother were blind, and her son had glaucoma (Case 3). 

Visual Acuity.—6/6 in both eyes, and Jaeger 1. 

The optic discs were normal and the fields full. There were no inflammatory signs but 
the anterior chambers were a little shallow in both eyes. Gonioscopy showed the angle in 
the right eye to be of medium width above and below and narrow at the sides, but 
although there was marked movement of the iris root on altering the light it was not 
sufficient to close the angle. The angle in the left eye appeared to be of medium width. 

The tension was 27 mm. Hg Schi6tz in both eyes. 

She attended a few mornings later when the tension was 45 mm. Hg in the right eye 
but the gonioscopic appearance was unchanged. 

The dark-room test performed when the initial tension was 40 mm. Hg in both eyes 
produced no rise in tension. 

The water-drinking test done when the initial tension was 29 mm. Hg in the right eye 
and 27 in the left produced a rise of 10 mm. in both eyes. 

Tonography performed when the tension was normal was 0-03 in the right eye and 0-05 
in the left. 

She was put on 2 per cent pilocarpine drops and one month later the maximum recorded 


tension was 27 mm. Hg in the right eye and 22 mm. Hg in the left. 
Case 3.—A ship’s officer, aged 22 (son of Case 2), was first seen in November, 1953, com- 


plaining of haloes. He had first noticed these a year ago and they occurred on coming 
into a dark cabin after being on deck in bright tropical light. These haloes had lasted 
20 minutes. The next attack occurred 4 months later on coming out of a cinema. They 
now occur whenever he goes to a theatre or cinema, and sometimes at sea, especially 
when under stress, such as being in charge of his ship coming into port. At this time he 
had had about 24 attacks in all. 

Visual acuity was 6/5 with 0-5 D sph. 20° in the right eye and 6/5 with—0-25 D sph. 
180° in the left, 

Both optic discs were normal and the visual fields full. The ocular tension was 32 mm. 
Hg Schiétz. 
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Gonioscopy showed the angles to be very wide. There was only slight pigmentation of 
the trabeculae, and no P.A.S. There was a slight “ on-off” movement of the iris root, 
but this could not possibly have blocked the angle in any circumstances. 

Tonography gave a reading of 0-09 in both eyes when the tension was 32 mm. 

On the dark-room test the right eye showed a rise of 10 mm. Hg (17-27), and the left 
eye a rise of 20 mm. Hg (20-40). 

He was put on 2 per cent. pilocarpine. 

When seen | month later he had seen no haloes. The ocular tension was 22 mm. Hg 
Schi6tz in the right eye, and 20 mm. Hg in the left. The discs and fields were normal. 
Neither eye showed any rise in the dark on miotics. 


Comment 

All four of the cases described presented with symptoms which could be 
considered typical of congestive glaucoma, but differed from it in several 
essential features quite apart from the gonioscopic findings. 

In the Posner-Schlossman syndrome, the rise in tension is accompanied 
by signs of inflammation so slight that the rise in tension seems to be out of 
all proportion. Because of this Theodore (1952) postulated that this condition 
lies between true primary glaucoma and the secondary glaucomas, in aS 
much as the tension it not secondary to the inflammation, but both the 
glaucoma and the cyclitis have a common aetiology, possibly allergy. 

However it is not uncommon to find that it is those very eyes in which the 
signs of uveitis are not gross, which produce the most intractable secondary 
glaucomas, and most of us can recall cases of heterochromic cyclitis or 
sarcoidosis that illustrate this point. It is at least possible that cyclitis, 
however slight the physical signs, can cause vascular changes in the uveal 
tract and intrascleral vessels, and these changes may lead to an increased 
rate of formation from the ciliary body as well as partial obstruction of 
aqueous outflow and thus increase in tension. 

In this condition the eyes will be completely normal between attacks and 
all provocative tests will be negative; and, unlike the eyes of cases of closed- 
angle glaucoma, they will be found to have normal angles. Therefore when a 
patient gives a history of misty vision and haloes, in which neither the gonio- 
scopic findings nor provocative tests support the diagnosis of narrow-angle 
glaucoma, the possibility of glaucomatocyclitis crises must be considered. 

The second group consists of cases of primary simple glaucoma; these 
might well have been diagnosed as narrow-angle glaucoma had it not been 
for the gonioscopic findings, but closer consideration reveals other essential 
differences, in that all these eyes had tensions above normal even between 
attacks, which is not the case in early closed-angle glaucoma, and tonography 
between the attacks showed some degree of obstruction to aqueous outflow 
contrary to the findings of Grant (1951) and others in closed-angle glaucoma. 

There is ample evidence that these cases were in fact examples of early 
simple glaucoma, still with normal discs but with permanent obstruction 
to outflow, and yet all of them had presented with congestive symptoms 
although none with an acute attack. It is not intended to discuss the possible 
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mechanism for the symptoms, beyond saying that it did not seem to be 
due to angle block. The fact that these patients were of a relatively young 
age may be of some significance. 

Finally, the results of the dark-room test in Case 3 must be mentioned. 
The angles (recorded by two independent observers) were extremely wide 
in this case and yet the rise in tension in the dark was considerable. When 
repeated on another occasion the rise was only small which is not an un- 
common finding in closed-angle glaucoma. One can draw no valid con- 
clusions from a single case, but, whether the rise was due to the dark or to 
an emotional factor, it is fairly certain that the mechanism in this case was 
not angie block. 

It is not intended to dispute the fact that angle block is the cause of closed- 
angle glaucoma as we understand it; these cases appear to indicate that the 
belief that intermittent attacks of misty vision with or without haloes are 
symptoms entirely confined to congestive narrow-angle glaucoma is not 
entirely correct. 

This differentiation is not of purely academic interest, but has a real bearing 
on the treatment of glaucoma. When confronted with a case we should 
realize that the history and appearance of the anterior chamber can be 
misleading, but that by gonioscopic examination an accurate diagnosis can 
be made and lines of treatment determined accordingly. 


Summary 
(1) The differences between glaucoma simplex and primary congestive 
glaucoma are discussed. Attention is drawn to the importance of gonio- 
scopy in diagnosing these conditions. 
(2) The Posner-Schlossman syndrome is described and illustrated with a 
case report. 
(3) Three cases of glaucoma simplex presenting with congestive symptoms 


are described. 
(4) The differences between these four cases and irue closed-angle 


glaucoma are discussed. 


These cases were seen at the Glaucoma Clinic of the Institute of Ophthalmology and I am 
grateful to Sir Stewart Duke-Elder, Director of Research, for his advice and encouragement. 


REFERENCES 
BARKAN, O. (1938). Amer. J. Ophthal., 21, 1099. : 
Duke-Evper. S. (1940). “ Text-book of Ophthalmology ”, vol. 3, p. 3288. Kimpton, London. 
(1954). Personal communication. 
ELLIOT, R. H. (1918). ‘* Glaucoma”’, p. 131. Lewis, London. 
Grant, W. Morton (1951). Arch. Ophthal. (Chicago), 46, 113. 
HENDERSON, T. (1910). ‘* Glaucoma ”’, pp. 124,164. Arnold, London. 
Hiaarrt, A. C. (1954). British Journal of Ophthalmology, 38, 242. 
and Smitu, R. (1955). Jlbid., 39, 103. 
LANGLEY, D., and SWANLJUNG, H. (1951). Ibid., 35, 445. 
Miter, S. J. H. (1952). Brit. med. J., 1, 456. 
PonserR, A., and SCHLOSSMAN, A. (1948). Arch. Ophthal. (Chicago), 39, $17. 
Suaar, H. S. (1951). “ The Glaucomas ”, p. 185. Mosby, St. Louis; Kimpton, London. 
Tueopore, F. H. (1952). British Journal of Ophthalmology, 36, 207. 














ee ee ee ee 


aie eee ee See) is 





ing 


>, 
wi. 


id 
ion 


in- 
mn - 
to 
‘as 


d- 
he 


ot 


ng 
ld 


n 








Brit, J. Ophthal. (1955) 39, 68). 


ADSORPTION OF THIOCYANATE TO THE PLASMA 
PROTEINS* 


WITH SPECIAL REFERENCE TO THE DISTRIBUTION OF THIS 
ION BETWEEN AQUEOUS HUMOUR AND PLASMA 


BY 


HUGH DAVSON 
Medical Research Council, Department of Physiology, University College, London 


KINSEY AND’ PALM (1955) have described the kinetics of penetration of two 
ions, sodium and thiocyanate, into the aqueous humour, and have concluded 
that there is a fundamental difference in their modes of penetration; the 
thiocyanate ion, contrary to an original claim (Kinsey and Grant, 1942), 
penetrating by “ diffusion ”, whilst sodium is said to penetrate by “ secre- 
tion’. An inspection of their results shows that this difference really 
depends largely on the different steady-state distributions between plasma 
and aqueous humour that are apparently reached by the two ions, sodium 
giving a ratio: Concentration in Aqueous Humour/Concentration in Plasma 
of approximately unity, whilst thiocyanate gave a. ratio of 0.75. The low 
steady-state ratio shown by thiocyanate would, in the past, have been at- 
tributed to the circumstance that this ion is partly adsorbed to the plasma pro- 
teins, so that only 75 per cent. would be freely diffusible; the distribution-ratio 
of the diffusible fraction would, therefore, have been considered as approx- 
imately unity, like that of sodium (Kinsey and Grant, 1942, Davson, Duke- 
Elder, Maurice, Ross, and Woodin, 1949; Davson and Matchett, 1953). 

However, Kinsey and Palm now state that this adsorption of thiocyanate 
to the plasma proteins is only apparent, resulting from the presence of some 
other material, with chemical reactions similar to those of thiocyanate, that 
is adsorbed or chemically united to the plasma proteins. This claim en- 
counters serious theoretical difficulties in the realm of colloid chemistry. 
The thiocyanate ion lies at the extreme end of the lyotropic series of anions, 
which means that its power of hydrating colloids is greater than that of 
iodide, bromide, and chloride, in that order. To increase the hydration of 
a colloid, it is generally considered necessary that the ion doing so should be 
adsorbed to the colloidal particles, thereby carrying its own shell of orientated 
water-dipoles with it. Thus, if Kinsey and Palm’s claim could be sub- 
stantiated, this would demand a complete re-interpretation of lyotropic 
phenomena; if, on the other hand, it is incorrect, we should expect that, on 
dialysing plasma against solutions of sodium chloride, bromide, iodide, and 
thiocyanate, the distribution-ratios: Concentration in Dialysate/Concentra- 
tion in Plasma would decrease in this order. The distributions of chloride, 
bromide, and iodide have already been determined (Davson, 1955) by 
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techniques that are unlikely to give artefacts (chemical analysis of chloride; 
isotopic analysis of bromide and iodide). The ratios are as follows: 
Chloride 1-04 Bromide 0-96 Iodide 0-85 

Thus, if thiocyanate did, indeed, give a dialysis-ratio of 0-75 or thereabouts, 
it would adopt its natural place in the lyotropic series. 

It is easy, however, to submit the matter to a far more stringent test. 
Fig. 1 (a) represents schematically the result of dialysing plasma against a 
saline solution containing thiocyanate, the final concentration in the outside 
medium being arbitrarily indicated as 75 units per litre. The black block indi- 
cates the concentration of non-diffusible material in the plasma that gives the 
same chemical reaction as thiocyanate, and amounts to 25 units per litre. 
The white blocks indicate the concentrations of diffusible material in plasma 
and aqueous humour, namely 75 units per litre. The experimentally deter- 
mined dialysis-ratio will thus be 75/100 —0-75; if the black block indicated 
non-thiocyanate artefact material, we could conclude that no thiocyanate 
was adsorbed to the proteins of plasma, and that the distribution-ratio for 
the thiocyanate ion was unity, namely, 75/75. 

If this were true, we could predict with certainty the effect. of dialysing the 
plasma against a thiocyanate solution ten times stronger. Thus, the amount 
of artefact material cannot increase, and will remain the same at 25 units 
per litre; the remaining concentrations will increase to 750 units per litre 
as in Fig. 1 (b) and the dialysis-ratio will be 750/775 —0- 965. 








Plasma Te Plasma pRy— = 
Saline Saline ~~ [— 7 





75 750 
(a) r=——<0-75 (b) r=——=0-965 
100 755 


Fic. 1 (a).—Results of dialysis of saline against plasma. Concentration of thio- 
cyanate 75 units per litre. In plasma there is an additional 25 units per litre which 
may be either adsorbed thiocyanate or artefact material. 


Fic. 1 (6).—Results of dialysis with solution of ten times concentration. If the 
additional material is artefact, the new ratio will be 750/775=0-965. 

If, on the other hand, the extra material in the plasma really is thiocyanate, 
then increasing the concentration of thiocyanate in the plasma will increase 
the amount bound to the protein, not necessarily by a factor of 10, since 
adsorption is not a linear function of concentration, but certainly by a factor 
close to this; the position will then be approximately represented by Fig. 1(c), 


Plasma ET 750 at 
Saline 259 J 


750 
(c) r = approx.— =0-75 
1000 











Fic. 1 (c)—Same as (5), but on the assumption that the additional material is 
adsorbed thiocyanate, in which case it now becomes about ten times as much, giving 
ratio of about 750/1,000=0-75. 





ADSORPTION OF THIOCYANATE TO PLASMA PROTEINS _ 683 


and the dialysis-ratio will be fairly close to the original value of 0-75. 

The results of an experiment in which the same sample of plasma was 
dialysed against steadily increasing concentrations of thiocyanate in isotonic 
saline are as follows: 


Final Concentration in Saline (mM): 0-405 1:12 2:83 6:35 
Dialysis-Ratio: 0-73 0:74 O-75 0-795 


Thus the dialysis-ratio has changed only from 0-73 to 0-795 on increasing 
the thiocyanate concentration by a factor of about 15, a result consistent 
with the theory of adsorption, but completely incompatible with Kinsey and 
Palm’s assumption. 

On decreasing the concentration of thiocyanate from some arbitrarily 
chosen value by a factor of 10, the dialysis-ratio should change from 0-75 
to 0:23 on the basis of the “ artefact theory ”; the results of a second ex- 
periment, in which the concentration was reduced by more than a factor of 10, 
are as follows: 


Final Concentration in Saline (mM): 0:67 0-375 0-23 0-12 0:04 
Dialysis-Ratio: 0:76 0-70 0-715 0-675 0-595 


Once again, the results are consistent with the theory of adsorption, but 
quite incompatible with the artefact theory. 

A final proof that the observed dialysis-ratios are not artefacts, may be 
provided by examining the actual concentration of thiocyanate-reacting — 
material in the plasma before dialysing it against a thiocyanate solution; 
the concentration of artefact in the plasma clearly cannot be greater than this. 
In the first experiment, quoted above, the concentration was 0-064 mM;; if 
we make the generous concession that all this material is artefact material, 
then the dialysis-ratio to be expected on the assumption that there is no 
adsorption is 6-35/6-414—0-99 when the plasma is dialysed against the 
strongest solution, whereas in fact it was 0.795. In the second experiment 
the initial plasma concentration was much lower, 0:01 mM; on the same 
assumption the dialysis-ratio should be 0-67/0-68=—0-985, whereas it 
was 0-76. 

It is therefore quite clear that the thiocyanate ion is, indeed, bound by 
adsorptive forces to the plasma proteins, and that the proportion so bound 
is of the order of 25 per cent. Consequently, if we accept the experimental 
findings of Kinsey and Palm, to the effect that the distribution-ratio between 
plasma and aqueous humour is 0-75, this must mean that the distribution 
ratio for the diffusible fraction is approximately unity. One may conclude 
tentatively that there is probably little in the kinetic studies described by 
Kinsey and Palm to suggest that the modes of penetration of the two ions, 
sodium and thiocyanate, are not fundamentally the same. This does not, 
of course, mean that they are identical, but simply that present techniques of 
study have not progressed to the point where subtle differences may be 
revealed by kinetic studies of this sort; it is likely that any differences in 




















684 HUGH DAVSON 


behaviour that can be demonstrated will be attributable to the different fates 
of the ions when they have penetrated the blood-aqueous barrier. Thus, 
the thiocyanate ion is taken up to quite a considerable extent by the lens 
(Davson, 1955), whilst the sodium ion is not taken up (Langham and Davson, 
1949) to anything like the same degree. 

Therefore, until the experimental results of Kinsey and Palm have been 
re-computed on the basis of the present findings, and submitted to a 
statistical analysis (the greater scatter in the results for thiocyanate will 
make this necessary now that the steady-state distribution-ratio for this 
ion approximates to that for sodium), we must suspend judgment whether 
or not the kinetics of penetration of the two ions differ fundamentally. 
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SLIT-LAMP STUDY OF THE AQUEOUS VEINS IN 
SIMPLE GLAUCOMA DURING THE 
AMYL NITRITE TEST* 
BY 
G. CRISTINI anp N. PAGLIARANI 


Clinica Oculistica Universitaria, Bologna, Italy 


ATTENTION has already been directed to the fall in intra-ocular pressure 
usually occurring in chronic primary glaucoma during the inspiration of 
amyl nitrite and its presumable diagnostic and prognostic significance 
(Cristini and Pagliarani, 1953). It was suggested that this fall might be 
referred to the widening of the vascular bed and to the decrease of filtration 
pressure in the capillaries of the uvea. 

The rapidity and transient character of the fall in tension proved that it 
could not possibly be caused by the removal of an anatomical obstacle; 
but the question remained unanswered whether the fall in ocular tension 
might be due to a variation in resistance to the drainage of the aqueous 
caused by functional changes in the aqueous veins, or to a diminution of 
pressure in the recipient espiscleral veins. 

As many authors consider these phenomena to be important for the 
appearance of hypertension in simple glaucoma, we thought it interesting 
to complete our previous investigations by the biomicroscopical study of the 
episcleral vessels and aqueous veins in glaucomatous subjects during the 
amyl nitrite test. 


Material 


About fifty cases of simple glaucoma were examined and eighteen of them— 
ten male and eight female patients ranging from 45 to 66 years of age—were 
selected because their aqueous veins were readily apparent. Seven normal eyes 
were used as controls. The ocular tension in the glaucomatous patients was about 
35 mm. Hg (Schiétz); eyes with higher ocular tension were discarded owing to the 
impossibility of finding clear sizable aqueous veins in such conditions. 


Technique 


All the patients were hospitalized and tonometric readings were taken for some 
days in basic conditions and under the effect of miotics. 

The amyl nitrite test was performed by making the patient, sitting at the slit 
lamp, inspire some drops of the drug from cotton wool, while the episcleral district 
containing the aqueous vessels was observed under good illumination by means 
of a medium magnification. Note was taken of the changes in the episcleral 
vessels, of the size and contents of the aqueous and laminated veins, and of the 
time taken by the aqueous veins to return to their initial state. 
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Results 

No substantial differences were observed during the amyl nitrite test 
between control eyes and glaucoma cases, and, in the latter group, between the 
effects observed in basic conditions and under the action of miotics. The 
most evident modification was a rather marked dilatation of the episcleral 
and conjunctival vessels, especially of those of minor size, and of the pre- 
capillaries and capillaries, so that new vessels became visible which had 
previously been neglected. The aqueous veins showed perhaps less evident 
dilatation and their clear fluid was constantly replaced by blood which was 
sometimes seen to advance towards the limbus from the equatorial region. 
This dilatation of the episcleral veins coincided chronologically with the 
greatest fall in ocular tension. 

In three cases of glaucoma and in one control, some pulsations occurred 
in the aqueous vessels during the phase of greatest hyperaemia. The blood 
generally disappeared from the aqueous veins in 15-20 seconds, but occasion- 
ally it took longer than 2-3 minutes. The controls, however, showed no 
significant differences. 

Discussion 

The dilatation of the episcleral vessels, in particular of the veins and capil- 
laries, and the appearance of blood flow in the aqueous veins coinciding 
with the phase of lower ocular tension, agree with the findings of Dobree 
(1953). It must be remarked that our series included no eyes with very 
high ocular tension and that in Dobree’s investigation these behaved 
differently. It is known that in normal conditions there is a tendency for 
blood to appear in the aqueous veins with all vasodilatory drugs (Rio Cabanas 
and Cadenas Ugidos, 1954). Under the action of amyl nitrite this effect was 
constantly observed even in eyes with simple glaucoma, which, as our pre- 
vious researches demonstrated, show a fall in ocular tension during this test. 
The duration of the blood phase showed no significant difference from that 
in the controls. All these facts seem to suggest that the fall in ocular tension 
induced in primary simple glaucoma by amyl nitrite does not depend on a 
temporary decrease of the.resistance to the aqueous outflow. Indeed, if 
this were the case, one would expect to see an increase of the aqueous outflow 
and, therefore, of the clear fluid in the aqueous veins. This disagreement of 
our findings with the hypothesis that variations in ocular tension follow 
variations in the resistance to the aqueous outflow, finds a parallel in other 
clinical and experimental observations. 

Changes in the size and contents of the aqueous veins not accompanied by 
variations of tension have been observed not only in normal eyes but also 
in glaucomatous eyes (Thomassen, Perkins, and Dobree, 1950), while, on 
the contrary, the fall in ocular tension may be accompanied either by an 
increase of the aqueous phase, as occurs for example under the action of 
pilocarpine or eserine (Ascher, 1954), or by an increase of the blood phase, 
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in spontaneous variations (Dobree, 1953), or in those induced by drugs 
(e.g. amyl nitrite). 
Similarly, Grant and Trotter (1954), referring to the relationship of the 
pressure in the episcleral recipient veins and intra-ocular pressure, state that: 
A variation of the recipient venous pressure appears to be of little significance in 
the aetiology of glaucoma either from a theoretical or an experimental standpoint, except 
as it introduces uncertainty into the calculation of normal net rate of flow of aqueous 
humor. 


Bain (1954) confirms the findings of Thomassen (1948) that variations of 
the tension in the episcleral veins preceded those of ocular tension, stating 
that these variations are very small and occur bilaterally, and are also seen 
without any noticeable changes in intra-ocular pressure. Changes in the 
episcleral recipient vessels must, therefore, be considered unlikely to cause 
rises in the ocular tension, although the possibility cannot be excluded 
that in particular cases a small cause might determine a great effect. 

In conclusion, the changes in the episcleral veins associated with modifica- 
tions of tension during the amyl nitrite test seem to be of negligible importance. 
These changes should be considered as a manifestation of vascular events 
occurring in the uveal tract and with quite insignificant effects on the changes 
in ocular tension. 

If an analogy may be drawn between the variations observed in the amyl 
nitrite test and the spontaneous variations of tension occurring in glaucoma, 
it may legitimately be suggested that the latter also are due to vascular 
changes within the eye. 


Summary 


(1) The behaviour of the aqueous and episcleral veins after the inspiration 
of amyl nitrite was studied in glaucomatous eyes. 

(2) It was found that total blood-filling of the aqueous veins and maximal 
dilatation of the episcleral vessels coincided with the greatest tall in ocular 
tension. 

(3) It is suggested that a diminution in the outflow of aqueous humour 
and an increase of pressure in the episcleral venous vessels have only a 
negligible effect on the fall of ocular tension in the glaucomatous eye 
caused by the inhalation of amyl nitrite. 
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PATTERNS OF VISUAL DEFECTS IN CHILDREN* 
BY 


N. L. McNEIL 
Barnsley, Yorks, 


A STATISTICAL survey was carried out in November, 1953, of the records of 
children who attended the school ophthalmic clinic in this area. Records 
were available for children of pre-school age and for those attending school 
at the time of the analysis. 

The population of this industrialized county borough has been reasonably 
static in the last few years; it was not disrupted during the war and there 
has been no great shift of population since (Table I). The population at- 
tending state schools between the statutory ages of 5 and 15 was estimated 
from the census figures (General Register Office, 1951). 


TABLE I 
SCHOOL POPULATION AND NUMBERS ATTENDING CLINIC 





Estimated County Borough population (January, 1953)... at ...  75,000+100 
County Borough children from the Sth to 15th birthday attending 


school ah 12,568 





Children of all ages attending Ophthalmic Clinic... Ag ts nh 1,220 
Children from the Sth to the 15th birthday attending Ophthalmic Clinic — *1,066 { oe oo 


Children below school-leaving age who have attended the Ophthalmic 


Clinic but no longer do so 1,591 





*8°5 per cent. of whole population (girls 9°27 per cent.; boys 7°74 per cent.). 


Material 


The majority of children of school age were referred to the clinic as a result of a 
medical inspection which included a visual test. It was the custom in this area to 
inspect on entry, i.e. between the ages of 5 and 6 years, at 8-9 years, at 11 years, and 


at 14 years. 
Examination of the records revealed that the defects fell into two main groups: 
(1) Those in children who attended once or a few times only. 
(2) Those in children who had continued to attend regularly, including 
those seen recently who were likely to have to continue to attend. 

(1) This group consisted largely of suspected squints, minor visual defects, and 
minor infections. It also included cases of visual defect associated with anatomical 
ocular defects, often of congenital or traumatic origin. These cases are briefly 
analysed in Table II. 
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TABLE II 


PATIENTS WHO NO LONGER ATTEND THE CLINIC, WITH REASON FOR ATTEN- 
DANCE AND SUBSEQUENT DISCHARGE OR NON-ATTENDANCE 


























Reason for Attendance | Number | Reason for Non-Attendance Number 
(I) Suspected Visual Defect 509 No abnormality, or negligible er- 413 
ae — or spectacles not now 
Refusal. vi default ne Pee 17 
| Private treatment acne ait 34 
| * Amblyopia”’... es 45 
(II) Suspected Squint ia 368 No abnormality... 283 
Private treatment preferred or Te- 
ferred to hospital... * 76 
Default... say ree 9 
(II) Infection... ec yak 523 Conjunctivitis Ae a sa 344 
Styes (Hordeola) — ive ce 46 
Blepharitis .. ss $a oi 57 
| Dacryocystitis We) ecb 20 
| Chalazion ... oe PF 40 
| Phlyctenular disease ee ex 16 
(IV) Others, including Con- | 191 | Epiphora ... <5 = ae 42 
genital, Traumatic, | Injury ae 53 
etc. ... a ae | Congenital and developmental 
defects... ise 75 
| Noabnormality .. .. «. 21 





(2) This group was classified into patients with frank strabismus and those with 
more serious (non-squinting) visual defects. The latter were further classified 
according to the causative refractive error: hypermetropia, myopia, astigmatism, 
and anisometropia. 

Astigmatism.—Here were included many examples of compound hypermetropic astig- 
matism. It was felt that should the refraction be of the order of +2 D sph. in a child 
aged 8 or 10, it would be unlikely for any visual defect to be apparent unless the child 
also had a cylindrical error, and the astigmatism was, therefore, held to be the func- 
tional cause. On the other hand, with + 6 D sph. and + 2 Dcyl., the error is basically 
hypermetropic in spite of the degree of cylindrical error. 

It was decided that doubtful cases in which the cylindrical error was equal to or greater 
than the spherical error should be classed as astigmatic. Of the 301 cases in this category, 
224 showed compound hypermetropic or hypermetropic astigmatism, 61 mixed astig- 
matism, and sixteen simple myopic astigmatism. 

Myopia.—All cases of compound myopic astigmatism and simple spherical myopia 
were classed as myopic. 


Anisometropia.—Here were included cases with a difference of 2 D or more in a spherical 
or sphero-cylindrical error and 1-5 D or more in an astigmatic error*. 


This simplified classification was adopted in order to emphasize the functional 
cause of the defect rather than its optical correction. The majority of surveys 
of this kind tend to classify the refractive errors into precise compartments 
which vary according to the age and locality of the sample taken, but in the present 
study this rigid classification was deliberately avoided, as it was thought that 
thereby a clearer picture of the patterns of the defects would emerge. 





* These figures were arbitrarily chosen by the writer. 
* All the divisions in Group 2 were analysed according to present age and age at first reporting. 
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Results 


It cannot be too strongly emphasized that the findings recorded below 
are the results not of the routine refraction of a fixed number of children but 
of the refraction of a series of children already found to have a definite 


visual defect. 


GENERAL.—The true degree of morbidity is difficult to assess for the following 


reasons; 


(a) A number of genuine cases were sent or elected to go elsewhere for 
treatment. This applies particularly to squints. 
(6) Attendance at the clinic is not compulsory. 


However, the figures recorded may be taken as representing a minimum 
average for the age groups concerned in this part of the country, and the 


patterns should not be appreciably affected by such omissions. 

Table 1) gives an analysis of the 1,591 patients still of school age who have 
ceased to attend the clinic, with reasons for attendance and subsequent 
non-attendance. 

in Sections (I) and ({1)—suspected visual defect and suspected squint— 
the most common reasons for non-aitendance were that no abnormality 
was found or that he error of refraction was insufficient to warrant the 
wearing of spectacles. Out of these two groups, 110 children elected to be 
treated privately or were referred to hospital. This number of genuine cases 
increases appreciably the proportions which are referred to later. The 45 
patients classified as being amblyopic were cases of monocular amblyopia 
(usually associated with a missed squint or anisometropia) who in the opinion 
of the ophthalmologist concerned would not have benefited by wearing 
spectacles or any other treatment. These are discussed later. 

Section (III) includes all cases of minor infection. There is no doubt that 
far fewer cases of this kind now come to the ophthalmologist than during 
the war years. It is not known whether this fall is due to a lower incidence, 
treatment with newer drugs, or a combination of these factors. Nine of 
the 57 patients (15-8 per cent.) with blepharitis required spectacles at the 
time or subsequently. The significance or otherwise of blepharitis as a sign 
of refractive error is left to the reader to judge. 

Section (IV) includes all other abnormalities, whether congenital, develop- 
mental, or traumatic in origin. The largest individual group was that 
associated with epiphora and many of these cases responded to simple 
treatment. The traumata varied in severity from conjunctival foreign 
bodies to the after-effects of perforating injuries. The other defects included 
dermoids, developmental conditions of the iris, lens, and retina, optic atrophy, 
retinitis pigmentosa, and cases of amblyopia due to a doubtful pathological 
lesion. 

Table III analyses all cases according to their present age; 1,066 patients 
were attending between their fifth and fifteenth birthdays, which is equivalent 
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TABLE Ill 
ANALYSIS ACCORDING TO PRESENT AGE OF PATIENTS 





Squints Visual Defects Total 





Female | Male | Total Female | Male Total | Female | Male | Total 
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Fic, 1.—Total cases, showing increase in numbers with age, and proportion due 


to squints (see Table III). 


to 8:5 per cent. of the corresponding population (female 9:27 per cent.; 
male 7°74 per cent.). Fig. 1 illustrates this analysis. The varying steepness 
of the different sections of the curve is due to variations in the com- 
ponents and the corresponding age-group population. The increased 
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morbidity amongst girls is a consistent finding in this survey, with the 
exception of cases of amblyopia, which are discussed below. 


TABLE IV 
ANALYSIS ACCORDING TO AGE AT FIRST REPORTING 





Squints Visual Defects Total 
Male Female | Male Male 
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Fic. 2.—Total cases, showing age at first reporting (see Table IV). 














Table IV and Fig. 2 analyse all cases according to age at first reporting at 
the clinic. There are two peaks: one at age 3-4 years and the other at age 
9-10 years. Over 80 per cent. reported before age 10. Fig. 3 (opposite) 
shows the number due to squints and that due to visual defects (cf. Fig. 2). 
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Table IV and Fig. 3 show that girls tend to be reported earlier than boys. 
Whether this is due to an earlier onset, a more obvious type of squint, or a 
deeper parental concern for cosmetic reasons is not known. 


MALES | 
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VISUAL DEFECTS 
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SQUINTS 
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Fic. 3.—Components of Fig. 2, showing incidence of squints and other defects 
separately, by sex. 


Table IVA summarizes the ophthalmological findings in squint cases. 
TABLE IVa 





Squints 





Type of Refractive Error 
Convergent Divergent 





Hypermetropic 

Emmetropic (less than ee 0-75 D) 
Astigmatic 

Myopic 








Total ... 











Table V (overleaf), giving population and age-specific morbidity rates, shows: 
(1) A consistently greater female morbidity (10 per cent. morbidity is 
reached at age 11-12 in females and at age 12-13 in males). 
(2) A general increase in morbidity with increase in age. 
(3) The fact that the male population is consistently greater than the female. 


The inconsistencies in Table V, chiefly at age 9-10, may be due to a 
number of causes, the probable chief cause probably being the recent adoption 
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of a policy to encourage the wearing of spectacles by children with moderate 
visual defects and moderate degrees of error (chiefly astigmatic). 


TABLE V 
SCHOOL POPULATION AND AGE-SPECIFIC MORBIDITY RATES 




















Age (yrs) Population Morbidity Rate (percentage) 

Female Male Total Female | Male Total 

5-6 703 747 1,450 3-27 2-94 3-10 
6-7 710 777 1,487 6:76 5-02 5-85 
7-8 649 730 1,379 8-01 5-21 6°53 
8-9 630 657 1,287 7°14 6-24 6°68 
9-10 655 659 1,314 9-92 9-56 9-74 
10-11 590 634 1,224 8-30 7°88 8-08 
11-12 541 595 1,136 10-18 9-23 9-69 
12-13 515 570 1,085 11-06 10-00 10-50 
13-14 527 563 1,090 14-99 11-37 13-13 
14-15 551 565 1,116 16-33 13-10 14-69 














PARTICULAR DEFECTS 

Squinis.—Ali those patients who were found at the first visit to have 
strabismus, either constant or periodic, were classified as cases of squint, 
although many of them would have been cured by the present time. Cases 
of latent squint were not included. In this investigation no attention was 
paid to treatment which had been given, the present cosmetic appearance, 
or the state of binocular vision, but the actual visual acuity of some of the 
cases is discussed below. 

Between the Sth and 15th birthdays 338 squints were found (2-7 per cent. 
of the corresponding population: females 2-9 per cent., males 2-4 percent.). 

The incidence of convergent squint noted by various authorities varies 
between 0-5 and 3 per cent. and appears to depend chiefly on age. Thomson 
(1924) reported 3 per cent. at age 5-6 and 0-6 per cent. at age 16, whereas 
Harman (1919) gave a figure of 2-17 per cent. The shaded area in Fig. 1 
demonstrates that there appears to be constant 2-3 per cent. of the population 
who have or have had a squint. This is almost certainly lower than the 
actual percentage. 

Fig. 3 shows that the peak age at which squints are reported is from 
2-4 years (ranging from 1 to 8 years). The patients shown in Table IV 
as reporting after the age of 8 were old cases who had already been treated 
elsewhere. Attendance at the clinic for the first time is not necessarily 
related to the time of onset of the squint. 


Visual Defects (Non-Squinting).—The total number of cases was 728 
(5-8 per cent. of the corresponding population: females 6-4 per cent., males 
5-2 per cent.). The largest number of new cases reported at age 8-9 (Fig. 3), 
at which age most of such defects were first detected. Tables VI and 
VII (opposite) and Figs 4-7 (overleaf) show the patterns of the different 
refractive errors involved. The rate amongst females is consistently higher 
than that in males (Table VIA, opposite) and the curves in Figs 4-7 (overleaf) 
all show different characteristics. 
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Myopia.—The following points emerge from an examination of relevant 
Tables and Figures: 
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ANALYSIS OF CASES OF VISUAL DEFECT, AT THEIR PRESENT AGE, ACCORDING 
TO CAUSATIVE REFRACTIVE ERROR 


(Proportions expressed as percentage of all cases for the age group involved) 



















































































. Hypermetropia Astigmatism 
ge —$—$—.__ —__——— —_— 
(yrs) F | M | Total | Per- M M 
cent- 
age 

ee en ee ee Pete Pas ES 1 
BG. fee ee, Pee eS sh es ees 1 
6%. a6 LS 1 ae EE 8 St 4% 
7-8 |13| 4] 17 | 33 1| 3 13 cy ay a Ba 
8-9 | 7| 9] 16! 27 | 7] 5 12 5| 3 8 
9-10 | 4| 6] 10 il 8| 9 16 7/12] 19 
10-11 | 7| 3} 10 14 | 6] 10 17 2| 41 6 
11-12 | 10} 10| 20 | 22 | 8/10 20 3| 4| 7 
12-13 | 6| 9| 15 | 20 | 17] 10 12 3| 6] 9 
13-14 | 3| 7] 10 9 | 27| 23 18 9| 5| 14 
14-15 | 14) 7] 21 15 | 29 | 24 16 11 | 13 | 24 
15-16 | 2] 2| 4 11 | 10 | 13 4 Ess 3 
16-17 | 1) — 1 SR s 2 aie PO Peter a 
a a aS ory ee od ae ioe the 1 
IED Vleet mee ee ee i pgs fn 
Totals | 78 | 63 141 — |127 |118 138 | — 155 | 54 | 109 

TABLE VIA 

Sex Myopia ypermetropia | Astigmatism | Anisometropia 
Females 75 | 
Males 61 
| 

Total 136 
Percentage of Total 18-68 | 

TABLE VII 


ANALYSIS OF CASES OF VISUAL DEFECT AT AGE OF FIRST REPORTING ACCORD- 
ING TO CAUSATIVE REFRACTIVE ERROR 


(Proportions expressed as percentage of all cases for the age group involved) 




















Hypermetropia 
Age 
(yrs) | F | M | Total! Per- 
cent- 
age 
34 (—f/— fo — 
4-5 1}; — 1 17 
5- 6 4 1 5 20 
6-7 | 19 | 16| 35 32 
7-8 | 14/| 16{ 30 23 
8-9 | 14} 11 25 15 
9-10 5| 6 11 11 
10-11 ae 9 14 
11-12 5 3 8 12 
12-13 6| 4 10 20 
13-14 1 3 4 13 
14-15 2 1 3 13 
15-16 |} —|—]} — -- 
16-17 |} — | — — 
17-18 |} —|—] — — 
19 —|—| — — 
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Astigmatism 

M | Total | Per- 

| age 
2 tac 
2 1 
5 3 
19 10 
37 6 
30 15 
20 6 
6| 8 1 
A 6 
6| 5 1 
21:3 4 
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Fic. 4.—Incidence of myopia, (1) at present age, (2) age at first reporting, and 
(1A and 2A) percentage of total cases (see Tables VI and VII). 
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Fic. 5.—Incidence of hypermetropia, (1) at present age, (2) age at first reporting, 
and (1A and 2A) percentage of total cases (see Tables VI and VII). 


(1) The development of these cases conforms to the accepted teaching that 

the majority of myopes are first observed between the ages of 5 and 15. 
The maximum incidence in this series occurs at age 11-12; Ciocco (1938) 
found that the peak incidence of myopic change occurred at 10-11 years. 
The slopes of the curves are shallow with a rather sharper fall after the 
age of 12. 

(2) Myopes form 19 per cent. of all new cases of visual defect at age 8-9, 
55 per cent. at age 10-11, and about 50 per cent. thereafter. This means that 
between the ages of 10 and 15 years about half the genuine cases reported for 
the first time will be myopes. 

(3) A few myopes are first reported in the 3rd and 4th years. In this series 
their number is small and no generalizations are warranted. 

(4) The number of myopes increases in each successive age group. The 
slope is particularly steep from 11 to 13 years. This is expected from a defect 
which is normally progressive at this age. 
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i Fic. 7.—Incidence of anisometropia, (1) at present age, (2) age at first reporting, 
at and (1A and 2A) percentage of total cases (see Tables VI and VII). 
8) (5) Myopes comprise 20 per cent. of all cases of visual defect at age 8, 


and 40 per cent. from 13 to 15 years. 
(6) Table V shows that the proportion of myopes rises to 60 per cent. 
among children who wear spectacles in the age groups 15-16 and 16-17. 
The school population after the age of 15 is highly selective, in that it com- 
prises the more intelligent children; the numbers of such cases involved in 
this study are small. 


























’ Cohn (1883-92) quoted by Duke-Elder (1943, 1949), found 60 per cent. 


of myopes in those wearing glasses at the universities. 


Hypermetropia.—The following points emerge: 


(1) Most of these cases are reported early in their school careers (6-7 years); 
t thereafter the numbers are low but steady and a further fall occurs at about 


13 years. 





This suggests that hypermetropic errors cause visual defects which 
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are sufficiently severe for many cases to be found early. The less severe cases 
tend to be reported later as the patients’ accommodative efforts and require- 
ments increase and symptoms become obvious. ‘ Holding books close ” 
is a not unusual symptom of the severe hypermetrope. 

(2) The distribution of hypermetropes is much the same in all age groups. 

(3) At the earlier ages hypermetropes form a substantial proportion of all 
the types of refractive error other than myopia (38 per cent. at 6-7 years). 

(4) The hypermetropic curves resemble the squint curves, as in Fig. | 
and that part of Fig. 3 associated with squint. As most squints are 
associated with hypermetropic errors, this resemblance is inevitable. There 
are at least twice as many squint cases (according to the definition here em- 
ployed) as there are hypermetropes within the 5-15 age group. From this, it 
would follow that over half of the hypermetropes amongst these school 
children will either have a squint or give a history of having had a manifest 
squint at some time. 

(5) As it is exceptional to prescribe spectacles for children for errors of less 
than +1-5 Dsph., no such cases are included in these data. 


Astigmatism.—The following points emerge: 

(1) This defect is found in nearly 40 per cent. of cases of visual defect 
occurring in children aged from 5 to 15 years. 

(2) 75 per cent. of all the astigmatic children are first reported between the 
ages of 6 and 10, with a well-defined peak at age 8-9, between the peak ages 
of reporting hypermetropia and myopia. Many of the cases are discovered 
at the routine inspections at age 8, whereas the hypermetropes suffering from 
a more severe visual defect are discovered earlier, and the myopes do not 
develop until later. Since most cases of astigmatism do not show more 
severe visual disabilities, their discovery is not prompted by an obvious 


inability to see. 
(3) Astigmatism thus becomes the main factor in the peak reporting age 


of 8-9 (Figs 2 and 3). 

(4) Fig. 6 shows the pattern of these cases in successive age groups. A 
peak occurs at about the 10th year, but some children, who are found at about 
age 8 to have a moderate visual defect (e.g. vision 6/12 pt), recover normal 
uncorrected visual acuity after wearing a moderate astigmatic correction for 
a year or two. If such patients have no symptoms such as headaches, they 
tend to dispense with their spectacles, a procedure having much to commend it. 


Anisometropia 

(1) Some of these patients are given glasses speculatively when the defect is 
first discovered if the degree of anisometropia gives any hope of recovery of 
useful binocular function. 

(2) Cases continue to be discovered up to school-leaving age, and some of 
these will have some degree of unilateral amblyopia. Many children are 
adept at concealing a relatively small visual defect—sometimes not wilfully— 
and a weakness in one eye is often relegated to the subconscious, and can be 
discovered only by careful occlusion of the good eye in a vision test. 


Amblyopia.—Table VIII (including only patients over 9 years of age) 


divides cases with some degree of unilateral defective vision into three groups: 
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(A) Those associated with squints; 
(B) Those associated with anisometropia; 
(C) Those who do not now attend (the “ amblyopes ” of Table II). 






TABLE VIII 
DETAILS OF CASES SHOWING UNILATERAL LOSS OF VISION 


Group 1, best recorded (corrected) vision in affected eye is 6/9—6/18. 
Group 2, best recorded vision in affected eye is 6/24 or less. 









































































































Actual Number of Squints 
Group Age 
(yrs) Totals 
Female | Male | Total | 1 | 2} 1 eae | 2 

(A) 9-10 17 20 37 6; 1 2; 5| 8| 6 as; 
Squints 10-11 14 16 30 4} 2} 4; 8| 8| 10 18 
(see Table ITI) 11-12 10 11 21 2) — 1 24 3124779 7 
12-13 20 20 40 6; 6} 9| 5} 15} 11 26 
13-14 20 11 31 3 8 3 2; 6; 10 16 
14-15 16 14 30 3; 4} 4} 6| 7) 10 17 
Totals — 97 92 189 | 24 | 21 | 24| 29 | 48 | 50 98 
(B) 9-10 7 12 19 31513:S1 OFS 444 
Anisometropes 10-11 2 4 6 1{—} 2;—|] 3] — 3 
(see Table V) 11-12 3 4 7 1; 1) 3);—| 4] 1 5 
12-13 3 6 9 2;—/; 4] 1] 6; 1 7 
13-14 9 5 14 3\;—| 2|— 5|— 5 
14-15 11 13 24 5/ 1] 8}/—)] 13) 1 14 
Totals | — |.3s | «@ | 9% Jas} 3) 2) 4) 39) 7) 4 
(C) 9-10 | Aust th | oes | ott | it nts | 2 
Amblyopes— 10-11 — at — ;—/ 3/ 2; 7; 2/10 12 
No longer at- 11-12 — _ — Pee 2 24 | 6 
mination | 12-5) — {| —. 1 — f=] 3] 2] 8} 2,9) oH 
(see Table I) 13-14 — — mee Be Da Bel oS ols cee 
M15} — ES ee i}—| 2 es 
Totals | _ | ae | a | 5{ 10 | 10| 2015 30| 45 





(A) More boys than girls are affected and there are more severely affected 
boys than girls. This may be associated with the fact that girls report 
earlier (Table IV), and it is also possible that such measures as occlusion 
are tolerated better by girls than by boys. 

Groups (B) and (C) similarly show a preponderance of males in both 
numbers and severity. No explanation is suggested other than the possible 
greater tolerance to spectacles which may be shown by gir Is. 

The 98 cases of partial amblyopia associated with squint are equivalent to 
1-4 per cent. of the estimated school population in the corr esponding ages. 
Groups (B) and (C) provide 91 cases, equivalent to 1-3 per cent. of the 
population. For reasons already mentioned, these figures, especially for 


squints, are lower than the actual totals. 
Downing (1945) found a uniocular amblyopia of 6/12 or over in 1,920 
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cases out of 60,000 military trainees; of these, 855 (1-42 per cent.) showed no 
strabismus, and 1,065 (1:77 per cent.) had an associated squint (770 
convergent and 295 divergent cases). Apart from the large proportion of 
cases of divergent squint, there was a wide difference in age between the 
subjects of Downing’s survey and the present study. 

In Group (B), even with a liberal mathematical interpretation of anisome- 
tropia, about half the cases showed some loss of vision. 

Group (C) comprised forty cases who would fit the above definition of 
anisometropia, three who had had a history of squint, and two others. 


Conclusions 

(1) The majority of new cases of visual defect, mostly cases of astig- 
matism, are observed at the age of 8-9 years. 

(2) There is a lag in the discovery and treatment of cases of defective 
vision after the children have started attending school; the effects of this lag 
are unknown—at worst it might be a factor in the proportion of illiterates 
who leave school, and at best it is not to be condoned in a comprehensive 
health service. The teacher-hours wasted in trying to educate children of 
7 or 8 years of age with only 6/18 pt. or 6/12 pt. vision may be not inconsider- 
able with the substantial numbers involved. 

(3) The young child with substandard vision mae shows obvious 
symptoms unless the defect is gross, and it is difficult to distinguish backward 
from visually defective children. 

(4) This problem could be resolved in one of two ways: 


(a) A refraction of every child early in the school year; 
(b) A reliable visual test very early in the school career. 


The former may be ideal but presents a formidable task. Martin (1948) 
advocated three refractions for every school child, the first at 7 years old, 
but she did not consider this practicable at present. 

The large-scale use of the illiterate E test should enable reliable vision 
tests to be done in the 6th year. A short series of games or exercises in the 
classroom with the E would both reduce the time taken for a vision test 
and greatly increase its efficiency. 

It is significant that the attitude of the Chief Medical Officer of the 
Ministry of Education has changed in the last few years. In 1946 and 1947 
(Min. of Ed., 1949) the discovery of cases of visual disability in younger 
children was normally to be left to the teacher or parent, but the report for 
1952 and 1953 expresses concern at the delay in discovering such cases 
(Min. of Ed., 1954). Purvis (1954) reported an experimental scheme in 
which a test was carried out on each child in its first year at school using a 
quick method of retinoscopy; 3-5 per cent. of those examined were found to 
have severe visual defécts which had hitherto been unsuspected, and this did 
not include abnormalities such as squints which were already under treat- 
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ment; in addition, another 5-5 per cent. had defects for which spectacles 
were considered necessary. 

_Tyser and Letchworth (1949) described a pilot scheme on somewhat 
similar Jines; 8 per cent. of their cases showed defects, astigmatism being a 


major factor. 


Summary 
The visual defects found in the children of a town with a population of 
75,000 are described, the cases being analysed by sex, age, and age at first 


reporting. 
Squints and their characteristics are described, the refractive errors in the 


non-squinting cases are classified, and the cases showing varying degrees of 


amblyopia are tabulated. 
A practical method of improving the school medical service by more 


timely observation of visual defects is suggested. 


I wish to thank Dr. G. A. W. Neill, Medical Officer of Health, for permission to use the records 
of his department and for technical advice regarding population statistics, Mr. K. Holling, 
Records Clerk, for providing the school population statistics and checking the arithmetic, and 
Mr. E. G. Mackie for his encouragement. 
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CASE NOTES 
CONGENITAL EVERSION OF UPPER EYELIDS* 


BY 


M. MAZHAR 
Civil Hospital, Aden 


ALTHOUGH a very rare condition, a case of congenital eversion of the upper 
eyelids has recently been 1eported from America by Ostriker and Lasky 
(1954) and Hopen (1955). I have not been able to find any case report in 
the British literature over the last 20 years. Mann (1937) mentions that 
congenital entropion and ectropion of the lids are extremely rare. Duke- 
Elder (1952) mentions that the lid margins may be everted in microphthalmos 
and buphthalmos, and cites a case in which there was congenital eversion 
of the lower lids associated with ptosis and epicanthus (Collins, 1915). 


Case History 

A full-term Arab baby 7 days old, was his mother’s third child. Ocular examination 
showed very marked chemosis with oedematous everted upper eyelids and a moderate 
amount of secretion, This condition was said to have been present since birth. No 
other external anomaly was noted. It was difficult to examine the fundi at this stage but 
2 weeks later when the lid condition was normal they showed no abnormality, neither 
was any found externally after careful examination. Conjunctival swabs and scrapings 
showed pus cells and staphylococci only. 


Treatment.—Hot saline packs and terramycin ointment were applied at home as the 
parents declined to bring the child to the hospital. The mother was asked to keep the 


eyelids in position mechanically as the application of adhesive plaster had failed to achieve 
this. The baby had an uneventful recovery within 2 weeks. 


Comment.—The straightforward normal course leads one to think that this was 
not a developmental anomaly. An inclusion conjunctivitis is a possibility, but 
was unlikely to have been the cause in this case because of the 5 to 10 days’ in- 
cubation period. 


Summary 


A case of congenital eversion of both upper eyelids is reported. No 
associated ocular or general congenital anomaly was found. After 2 weeks’ 
simple treatment the eyelids became entirely normal. 
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OBITUARY 


Lewis CHARLES THOMSON 


Nort since the sudden and premature death of R. J. Lythgoe has an event so tragic befallen 
the progress of research on the physiology of vision as the equally sudden and premature 
death of Dr. L. C. Thomson at the age of 42, on October 10, 1955, after a short illness. A 
student of Guy’s Hospital, he qualified in medicine in 1937 after an unusually brilliant 
academic career, and subsequently worked in the departments of anatomy and physiology 
of that school. Here he was attracted towards 
the study of the physiology of vision, a subject 
whereon he worked first with W. D. Wright at 
the Imperial College, and after 1947 for the 
Medical Research Council at the Institute of 
Ophthalmology, London, initially with Hart- 
ridge and after 1951 until his death as 
Director of the Group for Research in the 
Physiology of Vision. 

In the relatively short period permitted him 
to engage in research, Thomson’s output of 
substantial work was enormous. His more 
important contributions to the subjective study 
of vision concerned the colour sensitivity and 
intensity discrimination of the central fovea, 
the factors influencing the course of dark adapt- 
ation, binocular summation within the nervous 
pathways of the pupillary light reflex, the irreg- 
ularities in the equal energy luminosity curve, 
and the variations of hue discrimination with 
changes in luminance level. The results of 
these researches were published in some twenty 
papers which earned him an established pos- 
ition as a world authority on the physiology of 
vision. His most important work, however, Lewis CHARLES THOMSON. 
and the endeavour nearest to his heart, was the 
study of the electrical responses following visual stimulation. A superb experimentalist, 
and endowed equally with the patience and ingenuity necessary to pursue intricate and 
delicate techniques whereby he succeeded in picking up the impulses travelling along 
single fibres of the optic nerve, he showed promise of becoming a worthy successor to 
Adrian, Hartline, and Granit; when suddenly he was taken away. The potential loss 
to physiology and ophthalmology is indeed difficult to assess. 

Academic honours came his way freely. He was awarded the Ph.D. degree of London 
University in 1948 and the D.Sc. in 1955. During the present year he was Ettles Memorial 
Lecturer and he was nominated as the first Edridge Green Lecturer for 1956. He was 
Chairman of the Colour Group of the Physical Society from 1953 until the time of his 
death and was a prominent and active member of the Physiological Society. 

The scientific world will miss the consistent brilliance of his contributions to his chosen 
subject; scientific societies both in this country and abroad will miss his shrewd judgement, 
his enthusiasm, and his good fellowship; but nowhere will his loss be felt so poignantly as 
at the Institute of Ophthalmology where he was equally respected and beloved as few men 

have been. Kindly and cheerful on all occasions, honest in his judgement of his own 
work and that of others, he entered wholeheartedly into every activity of the Institute, 
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both intellectual and social. Not only did he spend himself for the well-being of those 
in his own Group for which he was personally responsible, but he turned his energies with 
understanding and enthusiasm to the individual and collective care of every member of 
the community. His interests went far beyond work, for he could also play: an expert 
sailor, an unusually good photographer, and a student of geology, his life was fuller 
and probably happier than that of most men. 

He is survived by a widow and two boys, to whom as well as to his mother, his many 
friends extend their sympathy. 


CyriL HUTCHINSON WALKER 


Mr. Cyrit H. WALKER, M.B., F.R.C.S., died.at his home in Bristol at the age of 94, 
He was born in Yorkshire, studied at Haileybury and Jesus College, Cambridge, carried 
out his medical studies at the London Hospital, and qualified M.B. in 1887. He 
became junior and later senior house surgeon at Moorfields; in 1900 he was appointed 
ophthalmic surgeon to the Bristol General Hospital, and then surgeon to the Bristol 
Eye Hospital. He was lecturer in ophthalmology to the University of Bristol, Master 
of the Oxford Ophthalmological Congress (1933 and 1934), President of the Ophthal- 
mological section of the Royal Society of Medicine, and Vice-President of the 
Ophthalmological Society of the United Kingdom (1921 to 1924). He resigned from 
practice in 1933, occupying his leisure with his garden of which he was very fond. 

As one of his students at the General Hospital, and house surgeon and colleague at 
the Bristol Eye Hospital, I owe a considerable debt to Mr. Walker. He was very help- 
ful to all who had the privilege of working with him, and an excellent teacher who had 
the gift of being able to impart his knowledge to others. He was unassuming, with a 
fund of quiet humour; his advice was always very sound, and he was of great assistance 
in planning and carrying out the rebuilding and reconstruction of the Bristol Eye 
Hospital, thus helping to maintain the standard of ophthalmology in Bristol, which he 
and Mr. Richardson Cross had done so much to improve. A. E. ILEes 


NOTES 


OxFORD OPHTHALMOLOGICAL CONGRESS 


THE next meeting will be held on July 2, 3, and 4, 1956. Dr. Jonas S. Friedenwald of 
Baltimore has accepted the Doyne Lectureship. 


HONOURS 


ON October 3, 1955, Sir Stewart Duke-Elder received a doctorate honoris causa in the 
Faculty of Medicine from the University of Ghent, together with the Medal of the 
University. 


Mr. F. W. LAw has been elected Master of the Worshipful Company of Spectacle 
Makers for the year 1955-56. 


CORRIGENDA 


In the article by Leo E. Lipetz on X-Ray and Radium Phosphenes, British Journal of Ophthal- 
mology (1955), 39, 577: 


p. 580, 1. 19 from bottom, for mm. read mm.’. 

1. 12 from bottom, insert bracket after ‘ intensity ’, delete bracket ce phosphene ’. 
p. 595, 1. 3 from bottom; insert ’ after ‘620’, delet te * ’ after ‘ Engli: 
p. 597, r 9 from top, insert ‘ ’ after ‘ (July) ’ delete ‘ after * (Germany’.. 

17 from top, insert ‘ ;’ after 206. 

i 8 from bottom, insert iinet before * Atti’. 
p. 598, 1. 12 from top, for ‘.’ read ‘ 

1. 13 from top, delete initial i and run on from previous line. 














Brit. J. Ophthal. (1955) 39, 705. 


COMMUNICATIONS 


EXPERIENCE IN CLINICAL EXAMINATION OF CORNEAL 
SENSITIVITY 


CORNEAL SENSITIVITY AND THE NASO-LACRIMAL REFLEX 
AFTER RETROBULBAR ANAESTHESIA* 


BY 


JORN BOBERG-ANS 


From the University Eye Clinic (Prof. H. Ehlers) and the University Ear Clinic 
(Prof. H. K. Kristensen), Rigshospital, Copenhagen 


AN evaluation of the corneal sensitivity is an important part of many general 
clinical examinations and of all ophthalmological, neurological, and otological 
examinations. ; 

Interest in corneal sensitivity was already alive at the beginning of the 
19th century, but an exact method for measuring it was not known until 
von Frey (1894) introduced a method, using different calibres and lengths 
of hair. When a hair is pressed against a surface and thereby bent, the 
elastic power in the hair exerts a counter pressure, which may be measured 
by pressing the hair on to a scale. 

For exact measurements of the corneal sensitivity, it is necessary to have a 
‘test-battery of hairs of different values, but, for clinical application this is 
often impracticable. Further, the constancy of the power of the hair varies 
to some extent with the moisture of the atmosphere. These disadvantages 
have prevented von Frey’s method from becoming popular. 

At the present time corneal sensitivity is usually tested by means of a 
piece of cotton wool finely twisted in the form of a pointed brush. The 
cornea is lightly touched or brushed with the cotton wool, and this somewhat 
unequal stimulus elicits a more or less painful sensation and a blinking 
reflex. The patient is asked to say whether this sensation is felt “ normally ”’, 
or more on one side than the other. 

There is therefore a need for a practical clinical test which will give re- 
producible and exact results in the hands of different examiners. 


Apparatus 


It is an advantage to substitute for von Frey’s hair a nylon thread, which is 
round and even, and possesses constant physical properties. The coefficient of 
elasticity for nylon makes it possible, by varying its length between 55 and 5 mm., 
for a thread 0-11 in diameter to provide the range of pressures necessary for the 
measurement of normal and pathological corneal sensitivity. 





*Received for publication February 21, 1955. 
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A special holder has been designed which makes it easy to vary the length of a 
standard nylon thread (Fig. 1). This is a simple and manageable instrument, 
easily adapted to clinical use, and with only a little experience it is easy to obtain 
constant and reproducible results. 


Thread, 20 mm. free length Scale set at 2 









<Cap. This is 
removed when 
anew thread 
is introduced. 


Fic. 1.—Special holder for variable nylon thread. The length of the thread is 
increased when the narrow inner handle is pressed into the outer cover. The scale 
measures the free length. 


By calibrating the power of the thread against a set scale, only slight deviations 
were found from results previously obtained (Boberg-Ans, 1952), and several 
different examiners were able to obtain closely similar results. 

Technique - «- ¥ 

The technique of examination is not complicated. he patient is first acquainted 
with the stimulus, which provokes a sensation varying in degree from “ uncertain ” 
to “ definite’, “‘ dry ’’, “‘ astringent ’’, “‘ unpleasant’, and “‘ painful ’—the last 
being accompanied by a flow of tears._ The patient is asked to say when he feels 
the finest touch and his responses may"®e tested by feints. 

It is necessary to look out for possible technieal errors. The thread must be 
applied at right-angles to the cornea, the holder should be held just above the point 
of contact, and the bending of the thread should not exceed 5 per cent. of its free 
length. It is of great importance to the constancy of the stimulus that it should 
be applied as slowly as possible. If it is applied quickly the effect of the stimulus 
will be much increased. 

It is not difficult to map out the sensitivity of the cornea, but this requires many 
contacts. If one wishes to denote the minimum perception, it is only necessary 
to examine the cornea at its centre and at four or eight paralimbal points. 


NNORMAL VALUES 
The average minimum perception of the eyes of normal young people is 
shown in Fig. 2, with a central sensitivity of 15 mg. or less, and a limbal 
sensitivity of 20 mg., the sensitivity of the conjunctiva varying between 72 
and 200 mg. 
With advancing age sensitivity decreases. The mean sensitivity by age 
groups, based on earlier experiments (Boberg-Ans, 1952), is plotted in Fig. 3. 
The ability of the cornea to localize stimuli is rather poor. It appears 
possible to tell whether the stimulus is lateral or nasal, up or down, but if 
the stimulus is very weak and especially as it approaches the centre, localiza- 
tion becomes more difficult. 
Nor is it possible to distinguish between two simultaneous applications, 
as the stronger or the first perceived dominates; the second stimulus, if 
perceived at all, is usually identified with the first. 
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Fic. 2.—Normal sensitivity of different areas Fic. 3.—Mean corneal sensitivity (mg.) by age 
of the surface of the eye (mg.) groups, showing decrease with advancing years. 


The localizing ability of the conjunctiva is a little better, but even here it 
is difficult to tell the exact position; it is only possible to distinguish sim- 
ultaneous stimuli if they are some distance apart. 


LOCALLY DECREASED SENSITIVITY 
The sensitivity of the cornea is often considerably changed by local patho- 
logical processes. 
PERFORATING INyuRIES.—A decrease in local sensitivity is often limited to the 
degenerative area (Fig. 4). 


x 


Fic. 4.—Corneal sensitivity (mg.) in 
a man born in 1874, with a perforat- 


ing wo in the left eye, traumatic 
cataract, and corneal maculae. 


p 
¢ 
CHEMICAL INJURIES, especially burns with alkalis and acids, decrease corneal 
sensitivity. 
CorneAL Utcers.—The sensitivity is always decreased in and near the ulcer. 
If the local oedema extends into the cornea, there is a corresponding decrease in 
sensitivity. 

Fig. 5 (overleaf) shows an acute infected ulcer. The sensitivity was much decreased 
inside and surrounding the process; 10 days later, after treatment and healing, the 
sensitivity was only slightly decreased in areas corresponding to the deeper and more 
lasting changes. 

Disciform keratitis may cause a well-defined decrease in sensitivity corresponding 
to the affected area, the sensitivity in the rest of the cornea being only slightly 
reduced. 

The case seen in Fig. 6 (overleaf) showed clinical improvement, improved local sen- 
sitivity, and normal sensitivity in the remainder of the cornea after 50 days’ treatment. 
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Fic. 5.—Corneal sensitivity (mg.) in a woman born in 1870, with a corneal ulcer in 
the right eye, showing improvement with healing after 10 days. 





Fic. 6.—Corneal sensitivity (mg.) in a man born in 1921, with disciform keratitis 
in the right eye, showing improvement after 50 days. 


In these cases it has been impossible to find other neurological or local changes 
in sensitivity—the sense of smell, lacrimal secretion, and trigeminal sensitivity in 
the face and mouth being normal. 

Hypopyon keratitis in the acute stage frequently causes a considerable decrease 
in sensitivity, extending to the conjunctiva. This form of inflammation is often 
sO extensive that it is difficult to define the influence of various factors on the 
corneal nerves. 

When the ulcer heals, frequently leaving maculae, the sensitivity begins to return to 
normal; later it may be possible to find a nearly normal degree of sensitivity, even inside 


the finer maculae (Fig. 7, opposite). 


Dendritic keratitis causes a general lowering of the sensitivity of the affected area. 


Herpes Zoster.—This causes a considerable decrease in corneal sensitivity, 
frequently without other local corneal lesions. It is well known that if the 
naso-ciliary nerve is involved with affection of the tip of the nose, changes in the 
cornea will nearly always be found, and frequently even local inflammations. The 
decrease in sensitivity persists for a long time and will never disappear completely. 
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Fic. 7.—Corneal sensitivity (mg.) in a man aged 54, with hypopyon keratitis in 

the right eye, showing considerable improvement after healing. 
In the affected area there often remains a pigmentation of the skin, and here also 
pronounced changes in sensitivity occur. 

A case of acute inflammation in the cornea with an ophthalmic zoster 40 years pre- 
viously shows the relative variations in sensitivity within the cornea. The acute corneal 
inflammation caused a considerable decrease in the loca] and general sensitivity (Fig. 8). 
Clinica) improvement was followed by an improvement in both general and local sensi- 
tivity, but owing to the earlier herpes Zoster, the corneal sensitivity never returned to 
normal. No change in sensitivity was found in the mouth or face, apart from changes 
in the first trigeminal branch. 
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Fic. 8.—Corneal sensitivity (mg.) in a man born in 1897, with herpes zoster, 
showing facial involvement (A). The corneal sensitivity was much decreased (B) 
and remained low in spite of clinical improvement (C). 


Cystinosis.—In a 5-year-old boy, with cystine crystals generously distributed 
in both cornea and conjunctiva, the corneal sensitivity was diffusely decreased, 
centrally to approximately 50 mg. 

HEREDO-DEGENERATION OF THE CORNEA may influence sensitivity (Fig. 9, overleaf). 


CornEAL DystropHy (Groenouw’s nodular type).—Corneal sensitivity may be 
almost abolished centrally. 

In the case shown in Fig. 10 (overleaf), a corneal graft was performed to the worse 
eye, and 17 days later there was a definite sensitivity in the most peripheral part of the 
graft; this is in accordance with the findings of other investigators (Marx, 1925; 
Schréder, 1923; Zander and Weddell, 1951). 
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Fic. 9.—Corneal sensitivity (mg.) in a man aged 54, with hereditary corneal de- 
generation. The right eye is more acutely affected centrally; the left eye is more 
generally affected. 
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Fic. 10.—Corneal sensitivity (mg.) in a man born in 1899, with Groenouw’s 

keratitis in the right eye, showing the result of corneal grafting after 17 days. 

There is definite sensitivity in the most perfect part of the graft. 
SCLERAL NERVES.—If the corneal nerves are influenced in their scleral course, 
lesser changes in corneal sensitivity will ensue. After extensive diathermal treat- 
ment of the sclera for retinal detachment, the local corneal sensitivity may be 
decreased to some extent, and repetition of the treatment will increase these 
changes. 


In the case illustrated (Fig. 11, opposite), diathermy from 5 o’clock to 1 o’clock was 
followed a fortnight later by further diathermy and a small sclerotomy at the equator at 
8 o’clock. The corneal sensitivity was noted 19 and 21 days after the operation. 

A certain regeneration of sensitivity may occur, but the eye rarely returns 
to normal. 


CHOROIDITIS AND SCLERITIS.—One would expect the corneal nerves to be in- 
fluenced, but very often no change in sensitivity is encountered, and such changes 
as may occur are of varying intensity and extent. 


The changes shown in Fig. 12 quickly disappeared when the scleritisimproved. Diffused 
transient changes are often encountered in choroiditis. 


GLaucoMA.—Corneal sensitivity often varies with intra-ocular pressure and 
local conditions in the cornea. If the tension is high and the cornea hazy, the 
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Fic. 11.—Corneal sensitivity (mg.) in a woman aged 26, after diathermy of the 
right eye for retinal detachment (A). After a fortnight an improvement was 
observed (B). 


‘ 


sensitivity is always much decreased, 
to around 200mm. Small variations 
in the intra-ocular tension are 
followed by corresponding variations 
in the sensitivity. When the measure- 
ments are carried out by the same 
examiner with the same apparatus, 
they are reliable, even when technical 
errors are taken into consideration 
Fic. 12.—Corneal sensitivity (mg.) in a woman (Fig. 13, overleaf). 
Maina & sit of aclienl odiguacbetiiak is tan Intra-ocular pressure below 30mm. 
right eye. Hg gives no change in sensitivity, 
but a rise above 30 mm. Hg is 
followed by alterations in the sensitivity which may vary from 18-20 to 50-72 mg. 

An acute attack of glaucoma, with high ocular tension and‘a hazy cornea, 
considerably reduces corneal sensitivity. 

Fig. 14 (overleaf) shows the case of a 32-year-old man who had suffered from diabetes 
mellitus for 20 years. There was rubeosis iridis, the retinae showed proliferative diabetic 
changes, the left eye developed an acute attack of glaucoma with an intra-ocular pressure 
of 80 mm. Hg, and the corneal sensitivity was greatly reduced. After treatment with 
miotics, the ocular tension dropped but still remained above the normal level. The 
sensitivity did not become normal, but remained at about 50-72 mg. 





CONTACT LENSES 
In nine patients wearing contact lenses of the Mini type, a slight decrease 
in sensitivity was observed after 1 or 2 hours’ use. It may fall from 25 to 
72 mg., and there is frequently a slight difference between the eyes. If the 


Mini contact lenses fit too closely, the reduction in sensitivity is greatér? ““Av"™"" ~~ ~- 


slight decrease is to be expected, but if the decrease is particularly pronounced 
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Fic. 13.—Ocular tension (mm. Hg) and corneal sensitivity (mg.) in a woman aged 
72, with glaucoma simplex, observed weekly for 7 weeks. Increased tension lowers 
the sensitivity; when the tension becomes normai the sensitivity increases. 
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Fic. 14.—Corneal sensitivity (mg.) in the left eye in a man 
born in 1922, with diabetes mellitus, rubeosis iridis, and 
retinal proliferation, during an acute attack of glaucoma. 
The ocular tension was 80 mm. Hg (Schidtz). 


in one eye, this lens very probably does not fit 
correctly. It is essential first to ascertain the 
normal sensitivity without glasses; normal sensi- 
tivity should be regained 2-3 hours after removing the contact lenses. An 
examination of the corneal sensitivity in patients wearing contact lenses is 
thus of both diagnostic and prognostic value. 





CORNEAL SENSITIVITY IN NEUROLOGICAL CASES 

The corneal sensitivity is of diagnostic importance in neurological ex- 
aminations. The cotton wool method is of doubtful value here, as it depends 
very much on the technique of each examiner and on the patient’s subjective 
evaluation of the sensation of the stimulus; it is thus impossible to assess 
fine grades of sensitivity. In examining 500 neuro-surgical patients 
(Zilstorff-Pedersen, 1954), the sensitivity changes observed could not be 
made to check with previous neurological examinations, and it was not 
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possible to confirm changes previously noted. A closer study of 160 of 
these patients showed a decrease in sensitivity in fourteen cases. Three out 
of five cases of acoustic neurinoma showed a slight but definite decrease in’ 
sensitivity of the homolateral cornea (15/22 mg., 22/15 mg., and 15/50 mg.). 
Two cases of cystic arachnoiditis and one of meningioma of the partis 
petrossae showed considerably lowered sensitivity. 

Out of 22 cases of intra-cranial tumour, (glioma, astrocytoma, pituitary 
adenoma, meningioma), two showed a definite decrease in corneal sensitivity. 

No changes were found in 24 cases of neuralgia of the second and third 
branch of the trigeminal nerve, but after treatment with alcohol injections 
into the nerve or into the semilunar ganglion, or after partial trigeminotomy, 
a slight decrease was noted in some cases. 

After decompression of the semilunar ganglion (Tarnhgj, 1954, nine cases), 
no changes appeared in the corneal sensitivity. 

Alcohol injection or exaeresis of the supra-orbital or infra-orbital nerves 
did not influence the sensitivity. 

In neuralgia of the first branch of the trigeminal nerve, slight or more 
pronounced changes may appear (Zilstorff-Pedersen, 1954; Tarnhoj, 1954). 
Even in the course of the same day, tests carried out by different examiners 
on patients with trigeminal neuralgia gave different results, but this may 
be explained by the inexactness of the method used. A study of five cases 
of ophthalmic zoster, and of cases of corneal anaesthesia and hypaesthesia 
after electro-coagulation of the semilunar ganglion, gave no evidence of 
changes in sensitivity in the palate, cheeks, gums, or other sites outside 
the affected trigeminal area. 


CORNEAL SENSITIVITY AND NASO-LACRIMAL REFLEX AFTER 
RETROBULBAR ANAESTHESIA 
By following the variations in corneal sensitivity after the retrobulbar 
injection of a local anaesthetic, it is possible to observe the development, 
distribution, spread, and duration of the anaesthesia. It may be of import- 
ance to know this in deciding upon the appropriate technique and anaesthetic. 
After the skin of the lower lid has been disinfected, the retrobulbar injection 
is made laterally through 
the skin above the inferior 
orbital margin, and the 
cannula is introduced 3-5 
cm., aiming towards the 
apex of the orbit (Fig. 15). 





Fig. 15.—Technique of retro- 
bulbar injection (after Atkinson, 
1952). The eye is turned upward 
away from the site of injection, 
so that the fascial extension is 
moved forward and upward out 
of the way. 
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The point of the cannula is more easily inserted into the correct retrobulbar 
position if the patient is told to look upward and inward, away from the site 
of the injection. It is an advantage to use a needle with a rounded point, 
as suggested by Atkinson (1952). In all experiments the injections were 
carried out by the same examiner, and as far as possible the anaesthetic was 
deposited in the same retrobulbar position; 2 per cent. xylocaine was used, 
in some cases with adrenaline and in others with a solution of hyaluronidase. 

Simultaneously, in eight cases, I followed the variation and distribution of 
the corneal sensitivity and measured the tear-production. 

Tears were elicited by the naso-ocular reflex (Wernge, 1927) provoked by a 
constant intra-nasal stimulus, as suggested by Kristensen and Zilstorff- 
Pedersen (1953). By this device (Fig. 16), a constant flow of air (500 ml./ 
min.) passes over petrol in a bottle and then into the nose. In 30 sec. a 
profuse tear-production is evoked, and the amount of fluid is measured by 
Schirmer’s method, employing 8-mm. wide strips of 0:15 mm. filter paper; 
5 mm. at the end of the strip is folded and fixed into the conjunctival sac, 
and the amount of fluid is judged by the length of the wetted part of the paper. 


Fic. 16.—Apparatus for naso- 
lacrimal stimulus. it was made 
for examinations of the sense of 
smell (Kristensen and Zilstorff- 
Pedersen, 1953), but is here used 
to give a constantstimulus for pro- 
voking the naso-lacrimal reflex. 





The centripetal impulse goes first through the ethmoidal nerves, then 
through the first ramus of the trigeminal nerve and, from the inner part of 
the nasal mucosa, through the second branch of the trigeminal nerve via 
Gasser’s ganglion. The impulse goes from the trigeminal nuclei to the 
nucleus salivalis superior, and further centrifugally by the facial nerve, the 
intermediate nerve, the geniculate ganglion, the superficial major petrosal 
nerve, and the Vidian nerve, to the sphenopalatinal ganglion; there a synapsis 
is formed with neurons, the postganglionic fibres of which carry the impulse 
further through the sphenopalatinal nerve to the maxillary nerve, zygomatic 
nerve, Zygomatico-temporal nerve, and via the ramus anastomoticus cum 
nervo lacrimale to the lacrimal nerve and lacrimal gland. 

In pathological conditions, it may be possible to provoke tear-production 
by a reflex from the tongue (gusto-lacrimal reflex). The impulse may then 
follow the lingual nerve and the chorda tympani, whereby it reaches the 
facial nerve and thence the lacrimal gland (Ehlers, 1932; Duke-Elder, 1952). 
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A decrease in the amount of tears provoked by the naso-lacrimal reflex 
may be due to an interruption of the reflex-arc at any place. The reflex 
may, therefore, prove to be of importance in testing the function of the 
facial nerve from its origin to the geniculate ganglion, presuming, of course, 
that the sensitive part of the reflex-arc is intact. 

Stimulation of the trigeminal nerve through the mucosa in one side of the 
nose gives a bilateral conjunctival hyperaemia and tear-flow, but the reaction 
on the contralateral side is much less than on the homolateral. A vaso- 
dilator reaction throughout the homolateral trigeminal area is not infre- 
quently encountered; a sneeze may even be released (De Jong, 1950). 

Jacobsen (1952) employed the naso-ocular reflex in examining patients 
suffering from migraine and headache. 

At an examination by Dr. K. Zilstorff-Pedersen, at the Ear Department 
of the Rigshospital, of the naso-lacrimal reflex, eight cases of rheumatic 
paralysis of the facial nerve all showed a normal reaction on the affected side. 

Retrobulbar anaesthesia influences both the naso-lacrimal reflex and the 
corneal sensitivity in all cases. The decrease in both follows mostly the 
same course; the pupil often dilates and varying pareses occur. If the 
tension of the eye is normal, it is lowered only slightly or not at all, but, if 
the tension is high, it is frequently considerably lowered (Fig. 17). 

This fall in sensitivity is a little delayed in comparison with the other 
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Fic. 17.—Corneal sensitivity (mg.) and ocular tension (mm. Hg) in the right eye 
in a woman born in 1882, with bilateral glaucoma simplex, after retrobulbar 
injection of 0-8 ml. one per cent. xylocaine (Astra) with hyaluronidase 2:5 VRU/ 
ml., showing effect of anaesthetic. 
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Fic. 18.—Corneal sensitivity (mg.) and ocular tension (mm. Hg) in the right eye in 
a man born in 1908, with bilateral glaucomatous iridocyclitis and right amaurosis, 
after retrobulbar injection of 0-8 ml. one per cent. xylocaine (Astra). The patient 
was receiving 14 tablets Diamox (Iederle) daily. Compare Fig. 28 showing the 


result when hyaluronidase was added to the injection. 





manifestations (Fig. 18). Even when every care is taken to deposit the 
retrobulbar anaesthetic in exactly the same site, the effects often vary sur- 
prisingly from the case to case. The injection of xylocaine, with or without 
adrenaline, is not always followed by the same effect on the corneal sensi- 
tivity or on the lacrimal reflex (Figs 19, opposite, and 20, overleaf). This 
variation may sometimes be due to differences in the spread of the anaesthetic 
in the retrobulbar space, or to small unavoidable differences in the position 


of the cannula. 
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Fic. 19A (and B).—Corneal sensitivity (mg.) and tear production in the right - 
eye of a normal subject (male born in 1927) after retrobulbar injection of 0-8 ml. 
xylocaine 0-5 per cent. Note local discrepancies in sensitivity, and that the tear- 
flow is also influenced, only part of cornea being fully anaesthetized. The pupil is 
paralysed, but there is no extra-ocular paresis. 
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Fic, 20A (also B),—Corneal sensitivity (mg.) in the right eye of a man born in 1878, 


with early phthisis bulbi, after-an Elliot’s scleral trephine. 

(a) after retrobulbar injection of 1 ml. one per cent. xylocaine. — : 

(d) after retrobulbar injection of 1 ml. 2 per cent. xylocaine with adrenaline. 
Note local distribution of anaesthesia in the cornea. Ocular tension unchanged at 
12 mm. Hg (Schiétz). 


The tear-flow is in all cases considerably lowered by the retrobulbar 
injection, but this takes place after the decrease in corneal sensitivity (Fig. 
21, opposite, and Figs 22 and 23, overleaf). 








CLINICAL EXAMINATION OF CORNEAL SENSITIVITY 
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Fic. 21A (and B).—Corneal sensitivity (mg.) and tear production in the left eye of 
a normal subject (female born in 1931) after retrobulbar injection of 0-8 ml. 
xylocaine one per cent. Note the uneven distribution of corneal sensitivity 
and the few muscles influenced. Compare Fig. 24, showing the result in the same 
subject when hyaluronidase was added to the injection. 


The anaesthetic must take effect simultaneously on the ciliary nerves 
and on the secretory nerves of the lacrimal gland. This means a rapid 
and even distribution of the anaesthetic inside the retrobulbar space, 


but does not correlate with the fact that the changes in corneal sensitivity 
are often uneven, as is also the paralytic effect on the muscles and on the 


pupil. 
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Fic. 22A (and B).—Corneal sensitivity (mg.) and tear production in the left eye of 
anormal subject (female born in 1927) after retrobulbar injection of 0-4 ml. xylocaine 
one per cent. 

Note the uneven course and distribution of the anaesthesia, the absence of paresis, 
and the interval between the anaesthesia and the inhibition of tear-production. The 
pupillary dilatation is also unequal 
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Fic. 23.—Corneal sensitivity (mg.) and tear production in the left eye of a normal 
subject (female born in 1926) after retrobulbar injection of 0-4 ml. xylocaine 2 per 
cent. There was no paresis, and owing to the small effect the oudinabe differs from 
that used in the other graphs. 


Addition of Hyaluronidase.—As it seemed probable that small irregularities in 
the placing of the anaesthetic solution might influence the distribution of the effect, 
one might have expected that the addition of a medium with dispersive abilities 
would give a better and more even effect and possibly allow the use of less fluid. 


In six cases Invasin (Lundbeck)* was added to the anaesthetic solution. 
Atkinson (1952), who added hyaluronidase 6-10 TRU per ml. solution, stated: 


This causes a greater diffusion of the anaesthetic solution producing a larger area 
of anaesthesia with less ballooning of the tissues. More rapid anaesthesia is obtained 
and the duration is about the same as without hyaluronidase. Larger retrobulbar 
or cone injections may be safely given for cataract extraction because the solution 
diffuses rapidly and the proptosis that has been produced by the injection quickly 
subsides. With the use of a larger volume of anaesthetic solution, it permeates 
the orbit thoroughly, so that more complete anaesthesia and akinesia is produced. 





*Invasin (Lundbeck) containing 2°5 VRU (viscosity reducing units) corresponding to 5 TRU (turbidity reducing 
units). The different brands of hyaluronidase are difficult to compare. but it may be mentioned that 1 unit of 
D-M.K. (Dalgard-Mikkelsen, Kvorning, and Moller, 1948) roughly corresponds to 50 TRU. 
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Fic. 24.—Corneal sensitivity (mg.) and tear production in the left eye of a normal 
subject (female born in 1931) after retrobulbar injection of 0-8 ml. xylocaine 2 per 
cent. with hyaluronidase (Invasin) 2-5 VRU/ml. The anaesthetic and paralytic 
effects were rapid. All structures were equally effected, and the corneal anaesthesia 
was evenly distributed. Compare Fig. 21 showing the result without hyaluronidase. 
Ocular tension unchanged at 18 mm. Hg (Schi6tz). 


The addition of Invasin in the six cases examined caused a more even distribution 
of corneal anaesthesia (Fig. 24), but the course of the anaesthesia was similar to 
that observed in earlier experiments in increase, depth, and duration (Figs 24 and 
25, opposite). 
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Fic. 25.—Corneal sensitivity (mg.) and tear production in the right eye of a normal 
subject (female born in 1930) after retrobulbar injection of 0-8 ml. xylocaine one 
per cent. with hyaluronidase (Invasin) 4 VRU/ml. 


at 18 mm. Hg (Schiétz). 


Invasin causes a quicker influence on the muscles, and more of the outer eye 
n muscles are affected, but the duration of the paresis is not increased (Figs 26, 27, 
and 28, overleaf). The influence on the ocular tension and the naso-lacrimal 
reflex is unaltered. The effect of the retrobulbar anaesthesia may be prolonged, 
but, as the graphs show, this is not always the case. 
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Ocular tension unchanged 
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Fic. 26.—Corneal sensitivity (mg.) and tear production in the right eye of a normal 
subject (female born in 1928) after retrobulbar injection of 0-8 ml. xylocaine one per 
cent. with hyaluronidase (Invasin) 1:25 VRU/ml. Ocular tension unchanged at 
18 mm. Hg (Schi6tz). 


A better and quicker effect may also be obtained for other forms of anaesthesia 
through the addition of hyaluronidase. Atkinson (1953) writes: 


Some surgeons experience difficulty in obtaining complete paralysis of the orbicu- 
laris after an injection to block the temporo-facial nerve. The addition of hyaluroni- 
dase, which produces greater diffusion of the anaesthetic solution, practically 
obviates this difficulty, so that a second injection is rarely necessary. The same is 
true of other injections for block anaesthesia. 


I have, in several cases, been able to confirm this in akinesia of the facial nerve 
in front of the ear. Very often it may be difficult to obtain a satisfactory akinesia, 
by this method, even if one allows some time to elapse after the injection. The 
addition of hyaluronidase renders small technical inaccuracies unimportant, and 
causes the akinesia to appear quickly in all cases even if the amount of injected 
fluid is less than usual. 

In conclusion, it may be stated that the addition of hyaluronidase to an 
anaesthetic solution causes a better and more even effect and requires less fluid. 
In these small amounts hyaluronidase has no ill-effects. 
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Fic. 27.—Corneal sensitivity (mg), tear production, and ocular tension (mm. Hg) 
in the right eye of a normal subject (female born in 1931) after retrobulbar 
injection of 0-8 ml. xylocaine one per cent. with hyaluronidase (Invasin) 2-5 VRU/ 
ml. Note the rapid course of the anaesthesia, especially the rapid disappearance of 
the paresis. The effect on the tear-flow follows closely that on the corneal sen- 
sitivity. Though the ocular tension remained within normal limits, it was 
certainly influenced. 


Summary 

The present clinical method of examining the corneal sensitivity by using 
a wisp of cotton is inexact and should be replaced by the von Frey method 
modified by the use of an adjustable nylon thread in a special holder. 
Normal sensitivity measured in this way is 15-20 mg. 

Various pathological conditions causing decreased sensitivity are sur- 
veyed. In glaucoma the sensitivity varies with the intra-ocular pressure. 
Corneal sensitivity may also be of interest in patients wearing contact lenses. 
The value of the exact determination of corneal sensitivity in neurological 
cases is discussed. 

It may be of interest in otological cases with paralysis of the facial nerve 
to examine the corneal sensitivity and the nasolacrimal reflex. Similar 
methods are used to evaluate the effect of retrobulbar anaesthesia and the 
advantage of adding hyaluronidase to the anaesthetic solution is proved, 
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Fic. 28.—Corneal sensitivity (mg.) in the right eye and ocular tension (mm. Hg) 
in both eyes in a man born in 1908, with bilateral glaucomatous iridocyclitis, after 
retrobulbar injection of 0-8 ml. xylocaine one per cent. with hyaluronidase (Invasin) 

VRU/ml. The patient was receiving 14 tablets Diamox (Lederle) daily. The 
effect of the rather large amount of hyaluronidase (Invasin) injected was rapid. Note 
the masked effect on the left eye, which also suffered from iridocyclitis with high 
tension. Compare Fig. 18 showing the result without hyaluronidase. 
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UVEITIS* 
A CLINICAL AND STATISTICAL SURVEY 
BY 
GEORGE BENNETT 


Southampton 


THE most popular classification of the uveites remains that expounded by 
Woods (1947, 1949, 1951a) into granulomatous types (due to systemic 
granulomatoses such as tuberculosis, spirochaetosis, brucellosis, toxoplas- 
mosis, sarcoidosis, or virus infection) and non-granulomatous types due to 
bacterial (chiefly streptococcal) allergy arising from septic foci. 

There is now a tendency to reduce the impor.ance of syphilis and tuber- 
culosis (Francois, 1950; Sorsby, 1951; Vesterdal, 1951, 1952; Gasteiger, 
1952; Alvaro, 1954) and to place more emphasis on toxoplasmosis (Wilder, 
1952; Woods and others, 1954) or on certain proved or suspected viral 
diseases (Cavara, 1950; Jaffe, 1950; Schreck, 1951; Sorsby, 1951; Remky, 
1953; Tanner, 1954) in the case of granulomatous uveitis. Although the 
focal-sepsis-bacterial-allergy theory has been largely abandoned by the 
rheumatologist (Empire Rheumatism Council, 1950; Copeman, 1955) and 
by some ophthalmologists (Francois, 1950; Sorsby, 1951; Vesterdal, 1952), 
it still retains a strong fascination for others (Woods, 1949, 1953; Miller, 
1950; Ridley and Harley, 1951; Alvaro, 1954). Yet at best, we must admit 
the case for this concept to remain “ unproven ” (Burnet, 1954). 

Faced by the present ignorance of the basic causes of much uveitis, the 
author has devised a classification.based on three positive associations, 
which may or may not possess aetiological significance. This avoids the 
various analogies and presumptions inherent in other schema, and has been 
applied to 332 cases of “ primary” uveitis investigated by the author: 


Group A Collagenous Disease.—66 (20 per cent.). 


, 





Previous rheumatic fever ... 5 (4 female, 1 male) 
Ankylosing spondylitis ... 34 (28 male, 6 female) 
‘Rheumatoid arthritis ... 27 (24 female, 3 male) 
Group B Local Virus Infection.—127 (38 per cent.; 77 male, 50 female) 
Group C Systemic Disease—Granulomatous uveitis ... 15 (4-5 per cent.; 
7 male, 8 female) 
Sarcoidosis 7 
Canicola fever ... aS sae cet Sa | 
Syphilis (followed by interstitial keratitis) ... 2 
Influenza sis fs eos sed aa 
Varicella 1 
Toxoplasmosis ... 2 





*Received for publication August 3, 1955. 
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Group D Unclassified.—124 (37-5 per cent.; 65 male, 59 emis 


Associated with “‘ Spinal disease ’’ (not x syed 3 
Associated with Respiratory infections pe eS Eisen atone gE | 
Associated with Diabetes ... ae pie tee wa as 3 
Associated with Scleroderma 1 
Associated with Heterochromia 1 

: 


Associated with positive Wassermann reaction (doubtful relationship) 
Associated with old non-specific Urethritis UES 


None of the associations in Group D could io aid to have ili 
actiological value, though they are suggestive in some instances. Thus the 
“spinal disease’ and scleroderma cases probably belong to the “col- 
Jagenous” group whilst the others largely represent viral infections. 11 is 
interesting to note that 102 of these “ unclassified ” patients had never been 
examined at an early stage of an attack (i.e. within a minimum of 4 days from 
the onset). It is possible that some would have been assigned to Group B, 
and that, given full investigation and observation of each case, many could 
have been allotted to the other groups. 

The majority were affected predominantly in the anterior segment (“ irido- 
cyclitics >), a number could be called “ irido-choroiditics ”, and thirteen 
(4 per cent.) showed localization of inflammation chiefly to the posterior 
segment (“ choroiditics”), No definite cause could be found for eleven of 
these thirteen; the other two were thought to be due to the toxoplasma. 

Certain explanatory notes are required: 

@ By “ primary ” uveitis we mean generally that no other ocular lesion is concurrent; 
in addition, sympathetic, traumatic and phaco-anaphylactic uveites are excluded. 

(ii) Groups A, C, and D are self-explanatory, but in Group B are included eyes which at 
some time, before or after the uveitis, have shown evidence (viz. herpetic, abacterial 
keratitis or conjunctivitis; superficial punctate keratitis, or epidemic kerato-conjunctivitis) 
of virus infection. Such evidence often goes unrecognized; it may be trivial and 


evanescent, may occur early before the patient seeks advice, and may not appear in re- 
currences as the virus may then be resident within the uveal tract in symbiosis (Braley, 


1952; Dalrymple-Champneys, 1955). The virus may be liberated, if dormant, or its 
penetration facilitated by trauma or by high cortico-steroid levels such as obtain in shock, 


systemic infection, anxiety, myxoedema, pregnancy, or hormone therapy (Gundersen, 
1936; Selye, 1950; Dubos, 1954; Braley, 1952; Bayliss, 1955). The danger of the 


exhibition of these hormones in various infections is well attested (e.g. Woods and Wood, 
1950, 1952; Braley and Alexander, 1953; Thygeson, 1953), as is the relationship of viral 


eye lesions to trauma (Sanders, 1942; Berliner, 1943; Thygeson, 1951; Braley, 1952). 
We might here note that uveitis is rarely associated with rheumatic fever 


(Duke-Elder, 1940; Rudolph, 1945) which, unlike rheumatoid arthritis, is un- 
doubtedly a sequel to streptococcal infection. It is possible that our five cases 


were of acute rheumatoid or Still’s disease, as they were not seen in the active stage. 

Finally, it appears that while this survey takes account chiefly of the 
positive findings of the investigations, it would not be out of place to 
mention the negative side. Thus no cases showed clinical or serological 


evidence of brucellosis or infectious mononucleosis, and only one showed 
evidence of gonorrhoea; as we shall see, only five cases showed a positive 
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Wassermann reaction, and the relationship of this to the uveitis was 
usually in doubt. No case could definitely be described as tuberculous. 
We may now proceed to the categorical analysis of the 332 cases. 


(1) Laterality (Table 1).—We assume that Groups B and C are of infective aetiology, 


one local and the other systemic 














in nature. We should therefore TABLE I 

expect Group C to be usually LATERALITY OF AFFECTION 

bilateral, whereas B might be ) 

uni- or bilateral. The herpetic Unilateral 

Virus usually affects only one Group No. % | aus 

eye (Thygeson, 1951), whereas 

Superficial punctate keratitis A | 42 64 24 
B 91 12 36 

often affects both (Maumenee C 2 13 13 

and others, 1945; Cockburn, D | 76 61 48 

1954), and may be due to the 

herpes simplex or a related Foul at ss | - 





virus capable of causing uveitis. : 
Thus in Group B 28 patients (22 per cent.) suffered from definite typical superficial 


punctate keratitis at some time (Table II). 


TABLE Il 
TYPES OF VIRUS LESION IN GROUP B 


























Total Patients | Uveitis | 
| Type of Corneal Lesion Unilateral Bilateral 
No. % - - Total 
od [| No | % | No) % | 
28 22 S.P.K. Unilateral 15 54 us te 15 
| | | Bilateral | 2 7 | ] | 39 | 13 
99 78 Herpetic or | Unilateral 69 70 ae Shas 69 
| pe Bilateral 5 5 25 25 | 30 
| 























Of these, superficial punctate keratitis was noted in both corneae of thirteen, 
and in eleven was associated with bilateral uveitis. It was unilateral in fifteen, and 
in none of these was uveitis bilateral. In both unilateral and bilateral cases it 
frequently recurred. 

One of the cases of bilateral superficial punctate keratitis was associated 
with herpes labialis, and another with exfoliative dermatitis and subungual warts. 
Two of the cases of unilateral superficial punctate keratitis gave histories of 
dendritic ulceration, two more had previously had zoster of the trunk, and one 
other suffered a contralateral Sth nerve zoster 12 months before. The case of 
exfoliative dermatitis had had multiple attacks varying from simple conjunctivitis 
to bilateral hypopyon uveitis with hypertension, over a period of 20 years; his 
wife suffered with recurrent herpes febrilis facialis. The skin lesions usually 
accompanied the ocular disorders. The remaining 99 cases in Group B (78 per 
cent.) had at some time suffered either dendritic, disciform, abacterial, or non- 
specific corneal lesions or simple conjunctivitis as defined earlier; 25 of these had 
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bilateral uveitis (25 per cent.) as opposed to the eleven (39 per cent.) of the super- 
ficial punctate keratitis cases. Though these proportions are without statistical 
significance (P>0-05), they do suggest that bilateral disease is more likely to follow 
superficial punctate keratitis lesions than herpetic lesions; on the other hand it is 
also likely that some superficial punctate keratitis is related to herpes febrilis and 
zoster. It is frequently stated that superficial punctate keratitis does not recur and 
does not cause iritis, but our series refutes these assertions, whatever the virus may 
be. Widespread viral disease was suggested in several cases. The corneal 
lesions were frequently evanescent, and might be present for only 2 or 3 days; thus 
they were presumably missed in the first two attacks of bilateral uveitis in a woman 
who suffered no systemic disease past or present, save a mild non-specific urinary 
infection 6 years before, but noted, when she reported soon after the onset of the 
third attack, to be replaced by keratic precipitates in less than a week. To 
return to the question of laterality, we see that 91 (72 per cent.) of Group B are 
unilateral, almost the same percentage, though not the same cases, as that of 
uveitis associated with lesions other than superficial punctate keratitis. On the 
other hand only two cases (13 per cent.) in Group C show affliction of only one 
eye. One of these was associated with influenza and could have been a herpetic 
infection; it was not seen early and enjoyed a rather rapid resolution. These 
proportions show a significant difference (P<0-05). In the “ collagenous ” 
Group A, 42 cases (64 per cent.) were unilateral; this proportion does not vary 
significantly from that in Group B (P>0-05). The heterogenous “ unclassified ” 
Group D shows unilateral disease in 76 cases (61 per cent.). If this group were 
composed of cases of Groups A, B, C aetiology mixed, in similar proportions, each 
minor Group A, B, and C showing the laterality proportions of the major group, 
we should calculate an expected unilateral incidence for approximately 65 per cent. 
of individuals, which agrees fairly well with that found in practice. 


(2) Sex.—The frequently attested sexual preferences of rheumatoid arthritis and 
ankylosing spondylitis are shown again here (Table III). Rheumatoid arthritis 
occurred in only three males and 24 females, whereas ankylosing spondylitis occurred 
in 28 males and six females. A few of the males and most of the females in the anky- 
losing spondylitis group showed rheumatoid changes in the peripheral joints in 
addition to the pathology 














baigargri on in the joints of the axial 

SEX RATIOS 
skeleton. Four of the five 
| Male | patients with a history of 
Group pom Female rheumatic fever were fe- 
| Re fy Fee males. Combined to give 
A eee | 48Cid 34 the collagenous Group A, 
B | i ot | 50 these figures show almost 
D | 65 | th | ip equal representation of 
the sexes (32 male (48 per 
Total PORE 28 151 cent.), 34 female). The 





“ viral’ Group B shows 
an excess of males (77, 61 per cent.) over females (50). This we should expect 
from the higher frequency of herpetic and superficial punctate keratitis infections 
in males possibly due to their greater liability to trauma (Sanders, 1942; Hogan 
and Crawford, 1942; Thygeson, 1943 and 1953; Feigenbaum and others, 1945) or 
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other “ occupational” disease, such as bronchitis and sinusitis, which affects males 
predominantly (g.v.). This proportional difference does not vary however, 
significantly from the 50:50 distribution or that shown by the “collagenous” 
group (X2—2-14, n—1, P=0-1—0-2). The granulomatous Group C also shows 
almost equal sex distribution (seven males, eight females), as does the unclassified 
Group D (52 per cent. males). 


(3) Age Distribution.—The rarity of uveitis in children under 15 years is con- 
firmed by this study. Only seven cases can be described in this series, giving 
2-1 per cent., as compared with 2-2 per cent. in Denmark (Blegvad, 1941), 
and 5-8 per cent. under the age of 16 in U.S.A. (Kimura and others, 1954). 
Two of the author’s cases were of toxoplasmosis, two were herpetic, and three 
were of unknown aetiology, one being associated with “ pneumonia”. In four 
the posterior segment was chiefly affected, in three the anterior. Three were 
unilateral (the “‘ pneumonic ”, one of the herpetics, and one of the choroidites of 
unknown aetiology), four were bilateral. Four were female, three male. The 
extreme rarity of uveitis 

between the ages of 2 ee 

and 15 years (four cases AGE DISTRIBUTION OF PATIENTS 

herein) makes fascinating 














material for speculation— P | Under 40 yrs | 
as indeed does that of cues ee ee ee 
: : No. | iA | 
infections such as tuber- 

i i i A 27 41 39 
page aren gene enter “ | $3 4 | 74 
itis, bronchitis, and pneu- C eer 80 | 3 
monia (see Dalrymple- D eh Aone Kae. Stadt 61 
Champneys, 1955; Dubos, Totals | 155 | a7 | 17 


1951). Considering all 
cases, 155 (47 per cent.) 
were aged less than 40 years when suffering their first attack; the remaining 177 
(53 per cent.) were aged 40 or over. The distribution for each Group is shown in 





Table IV, taking age 40 as 
TABLE iy an arbitrary dividing line. 
ERYTHROCYTE SEDIMENTATION RATES We see that behaviour 


in Groups A, B, and D 


(mm./hr Westergren) . m4 , 
is very similar, approxi- 




















| Ciceteie Chats 10 dome, | mately equal numbers 
Group 10 mm. or Less | Total falling above and below 
No. % | this line, but the majority 
nN 28 80 7 | 35 (80 per cent.) of Group C_ 

B 19 33 39 | " cases occur at ages under 

* F os “a | ms 40. This proportion diff- 
ers significantly from that 

Totals 78 49 81 | 159 (42 per cent.) for the 





Group B cases (P<0-05). 
(4) Erythrocyte Sedimentation Rates.—The non-specific interpretation of this test 
is now admitted by all authorities. Table V shows that the rate is higher in 
cases of uveitis associated with systemic disease than in those with purely ocular 
conditions. 
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The local infections of Group B show a significantly lower proportion (P<0-05) 
of cases with erythrocyte sedimentation rates less than 10 mm. per hr than those in 
Groups A or C*. Group D is in the intermediate position, which reflects its mixed 
composition. If we again consider Group D to consist of A, B, and C cases in the 
same ratio showing erythrocyte sedimentation rate levels equivalent to those 
in each group as in Table V, we may predict the proportion of Group D cases 
which have an erythrocyte sedimentation rate of less than 10 mm./hr. This 
works out at approximately 51 per cent.—not greatly varying from the value of 
42 per cent. obtained clinically. These findings tend to reinforce the aetiological 
conception of uveitis adopted herein. 


(5) Focal Infection.—The results of radiological examinations of the chest, jaws, 
and sinuses are shown in Table VI (221 patients). 
TABLE VI 
RESULTS OF RADIOLOGICAL INVESTIGATIONS 





Chest | Jaws Sinuses 


X Rays | 
Normal 4 
sof 





180 119 125 
Pathological . 22 (11 per cent.) 28 (19 per cent.) 43 (26 per cent.) 


202 | 147 168 





Totals R 








The normal chest x rays include three cases of inactive tuberculosis greater than 
an old primary complex. 

The abnormal chest x rays included the following groups: 

Chronic bronchitis and emphysema 16 (8 per cent.) 
Sarcoidosis ... ie eek ... 5 (24 per cent.) 
Active tuberculosis ... eg . 1 @& percent.) 

The figure of 8 per cent. for chronic bronchitis probably obtains for any in- 
dustrial population in the U.K. Thus Fry (1954) gives a minimal figure of 2-8 
per cent. for a London urban population, and Stuart-Harris (1954) a figure of 

TABLE VII 17-2 per cent. for males 

DISTRIBUTION OF POSITIVE CHEST X RAYS in a Sheffield industrial 
organization. Similarly, 
|< ereent. Significance Various radiological and 
Positive | of Group other surveys have re- 

4 | vealed a latent active pul- 
9 | } P>0-05 monary tuberculosis ele- 
| 





Group Number 





4 ment in at least 0-5 per 

cent. of the population in 
England and Wales. Thus 
Springett (1951) gives 
0-3-0-4 per cent., Stewart and Hughes (1951) 0-5 per cent., Cochrane and others 
(1952) 0-75-1-0 per cent., Stalker (1954) 0-12-0-4 per cent., and the Minister of 
Health (Hansard, 1952) quoted 0-67 per cent. for this region, in reply to a 
question in the House of Commons. The average of these figures is 0-53 per cent. 

Only the sarcoid figures are of any importance here (Table VII). 











Totals | 22 








* The Westergren technique is used; 10 mm. is taken arbitrarily as the upper level of the “‘ normal ” 
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Of the 28 cases showing dental abnormality (not counting simple caries), 23 
had apical infection and five had buried roots. The incidence of caries and 
pyorrhoea is so high in Great Britain that we cannot give it any aetiological sig- 
nificance, and must concentrate on the more deep-seated and insidious types of 
dental disease. 


The distribution and behaviour of our 28 cases and the effects of dental treatment 
when carried out are shown in Table VIII. The proportional differences between 
Group A and B are not significant (P> 0-05). Group B uveitis relapsed even after 
treatment, suggesting that infection does not derive from the teeth in these cases. 
Several patients had no dental treatment yet did not relapse, some over long periods. 
Francois (1950) is doubtful whether uveitis is at all related to dental sepsis, as is 
Hughes (quoted by Woods, 1948), and Doggart (1949). The Empire Rheumatism 
Council Report (1950) showed that controls have as much dental infection 
as rheumatoid arthritics. Vesterdal (1951) obtained no ocular benefit from 
dental treatment in uveitis. 


TABLE VIII 
DENTAL DISEASE 





Treatment and Ocular Results Per cent. 
Relapsed | Not Treated | Relapsed 





in Group 


























Finally, we may consider sinus disease. Radiological sinus opacity is so common 
in Great Britain as to be almost a condition of normality. It usually indicates 
past or present mucosal thickening or excessive secretion; pus, indicated by a 
fluid level and all the signs of bacterial infection, is not commonly present. The 
author examined the films of all cases x rayed for suspected intra-ocular foreign 
bodies over 2 years. Of 42 patients, nineteen (45 per cent.) showed varying 
degrees of opacification of the sinuses, but few had any signs or symptoms of 
disease. This is much in excess of the 26 per cent. of our uveitis cases with positive 
x-ray pictures. Hughes found that sinus disease could be shown in 12 per cent. 
of his uveitis cases, and dental sepsis in 25 per cent.; similar proportions were 
obtained with a series of patients suffering from cataract. Table IX (overleaf) 
shows that the positive x rays in our series were distributed fairly evenly through- 
out the various groups. 


Those requiring and receiving treatment by a rhinologist (seven cases) as fre- 
quently suffered a relapse of uveitis as those who had no treatment, whatever the 
grouping. It is interesting to note that twelve of these cases also suffered from 
chronic bronchitis, and eight had definite dental sepsis as defined earlier. Thus 
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TABLE IX 


DISTRIBUTION OF CASES OF UVEITIS WITH POSITIVE 
SINUS X RAYS 





No 
Relapsed | treat- | Relapsed 
ment 


11 4 
13 5 
3 








Zar 


20 1 

















1 
20 3 11 
Totals | 7 


36 15 12 

















Eight cases were associated with dental sep: 
* Proportional difference not significant: wet. 51, n=1, P=0-1—0-2. 


only four bronchitics did not in addition show radiological sinus changes, assuming 
that these had this examination carried out. This emphasizes the inter-relationship 
of bronchitis and dental and sinus disease as recently suggested by Joules (1954). 

It is clear from this that as regards these types of focal infection we are here 
dealing with a typical cross-section of the population and cannot claim any special 
significance for the presence of these incidental abnormalities ; if we do, it is necessary 
to explain why the many others so afflicted do not succumb to uveal inflammation. 
A possible relationship rests in the postulation of a systemic infection, which 
again must be viral, sometimes limited to one or other part of the body, sometimes 
widespread and involving the eye. The primary aetiology of bronchitis is unknown 
(Fry, 1954; Joules, 1954), but may well be viral (Stuart-Harris, 1954); it is almost 
certainly not bacterial—the limitations of antibiotic therapy confirm this—and is 
not generally considered to be allergic. Another possible relationship is that of a 
parallel infection as frequently seen in herpes febrilis labialis. Duke-Elder (1940) 
has claimed focal sepsis to be the commonest cause of uveitis, the organisms being 
streptococci and gonococci usually. The rheumatologists have been quick to point 
out that if such hypotheses are correct then antibiotics should provide the therapeu- 
tic answer (Quinn and Liao, 1950); the eradication of foci of infection in rheu- 
matoid arthritis (Davidson and others, 1949; Empire Rheumatism Council, 1950; 
Copeman, 1955) and in uveitis (Sorsby, 1951; Vesterdal, 1951) has had no effect on 
these diseases. 

Four of the author’s cases received large doses of penicillin because of the presence 
of focal sepsis; of two “ collagenous ” types, one later relapsed; of two Group B 
cases, both later relapsed. 

Six cases received full courses of streptomycin and P.A.S. or isonicotinic hy- 
drazide; of five Group D cases, two were uninfluenced, and three cleared up and 
did not later relapse; one case in Group B remained active. 


(6) Seasonal Incidence.—Table X (opposite) gives the frequency of attacks for 
each group during the two half-year periods October-March and April-September. 
We see that in Groups A and B the incidence is the same for the milder months 
of the year as for the more severe. 

The effect of climatic conditions on rheumatoid diseases has been widely studied. 
They are undoubtedly rarer in tropical and subtropical countries, but it is difficult 
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TABLE X 
SEASONAL INCIDENCE OF UVEITIS ATTACKS 





October to March 
No. 


April to September Total Attacks 





Group 















A 61 64 125 
B 96 48* 106 202 
C Pe, 36 9 14 
D 91 65 156 

















497 





244 





Totals 253 











* The proportions for Groups A and B show no significant difference (P>0-05) 


to say whether this is a racial difference, or in some way related to varying degrees 
of industrialization. The author saw only one case of uveitis of a primary type 
during his practice as ophthalmologist to the government of Cyrenaica. In a 
temperate island climate, it is probably true to say that climatic influences do not 
vary significantly enough to be reflected in any fluctuation of the attack rate of 
rheumatoid disease. This is, of course, not true for streptococcal infection and 
rheumatic fever (Coburn and Young, 1949; Copeman, 1955), but we have seen that 
uveitis is rarely associated with the latter (Duke-Elder, 1940). 

We should likewise expect a greater frequency of herpetic and other viral disease 
in the colder or wetter months, but this does not obtain in Group B. (The summers 
concerned, however, happened to be wet and cold.) The attack frequencies are 
shown in Table XI and the Figure (overleaf). 


TABLE XI 
ATTACK FREQUENCIES BY SEASON 














| | 
Group Jan. | Feb. | Mar. | Apr. | May | June | July | Aug. | Sept. | Oct. | Nov. | Dec. Totals 
A No. 10 7 12 10 15 8 12 13 | 6 6 14 12 | 125 
9-6 9-6 | 10-4| 4-8 | 4-8 | 11-2] 9-6 | 100 

















19 | 20 | 17 
9:5 | 10 | 8-5 
3 | 1 1 1 
s | a | 27 156 


18 
9 
_ 1 
7 





15 
7°5 
_ 3 1 
14 


































































































% | 10-7| 67 | 9-3 | 6-7 | 10-7| 8-7 | 4-7 | 5-3 | 7-3 | 18 | 8-7 | 7-3 | 100 
Totals | No. | 45 | 30 | 41 | 42 | 48 | 35 | 38 | 43 | 38 | st | 43 | 43 | 497 
x% 9 | 6 | 82 | 8-4 | 9-6 7 | 7:6 | 8-6 | 7-6 10-2 | 8-6 | 8-6 | 100 











The behaviour of Groups A and B is rather similar save that the frequency of A 
cases reaches its ebb in September-October, whilst the B cases are highest at this 
period. Group B reaches the highest levels in April, September, and December ; 
Group A in May, August, and November. Temperature and precipitation 
graphs for Southampton are shown also for comparison (Figure). We may note, 
however, that scarlet fever notification is at its lowest in the 32nd-38th weeks of the 
year, i.e. August-September, one month before the Group A cases are lowest. It 
is remarkable that the local viral Group B cases which are so frequently associated 
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FiGure.—Attack-frequencies in Groups A and B, with average monthly temper- 

ature and precipitation for Southampton. 
with acute respiratory infection, should show their minimum in February, when 
pneumonia, influenza, and whooping-cough notifications are at their highest. 


(7) Recurrence Rates (Table XII).—We see that there is a high recurrence rate 
(33-47 per cent. of patients) in all groups. This is not surprising as all the viral 
and rheumatic conditions considered are notorious in this respect. 


TABLE XII 
RECURRENCE RATES 





| 


Group 


No. of Patients Per cent. 
with More than of Total Significance 
One Attack 





| 


Not Significant: 
X2=1-96, n=1 


31 
P=0-1—0:2 


45 





| 








4] 33 





Total | 


| 
6 | 40 
123 | 


7 | 





(8) Frequency of Ocular Hypertension.—The number and percentage of patients 
in each group who at any time suffered a rise of ocular tension are given in Table 
XIII (opposite). We see that the frequency is much greater in Group B cases. It is 
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suggested that ocular TABLE XIll 
hypertension in_ these FREQUENCY OF RAISED OCULAR TENSION 


cases may be “paretic” 

















in mechanism rather than Group | No. | Per cent. | Significance 
inflammatory, the rise in Significant: 
tension often being out A 6 9 X2=6: 14, n=1. 
of proportion to the B | 32 | 25 P=0-01—0-02 
degree of inflammation, Cc 1 7 
and consequent on the D | 10 | 8 
“neurotrophic” spread “Toa | 49 | 15 | 


of the virus (Kalt, 1949), 


(9) Other Associations (Table XIV).—There are no significant differences in the 
proportions for Groups A and B for any of the above factors (P always >0-05). 

We have already considered the question of raised output of corticosteroids in 
myxoedema; we may now note the presence of this state in a number of cases 
in Groups A and B. An association with coryza is commoner in Group B 
than in Group A, as we expected, but not significantly so. 


TABLE XIV 
MISCELLANEOUS ASSOCIATIONS 


| 








{ | { ai 
| ! Positive 





| Coryza | Urinary | Skin Lesions| Herpes | Tonsil- | Anaemia Wassermann Diabetes 
Group | Myxoedema |__ per infection | not Zoster | Zoster litis Reaction 
| cent. | percent.| percent. per 


























* Case of canicola fever 


Urinary infection was found or known to have existed in a small percentage in 
each group (non-specific, six; gonococcal, one; leptospiral, 1), as were skin lesions 
(scleroderma, one; erythema multiforme, three; erythema nodosum, one; eczema, 
two) with the exception of herpes zoster which was found only in Group B. An 
association with tonsillitis was found in only three cases—none of these in the 
rheumatic group. A degree of anaemia with haemoglobin below 80 per cent. and 
ted cells less than 5 million per c. mm. was established in only eight cases, only two 
of which belonged to the “collagenous” group. As anaemia is considered an 
index of activity in rheumatoid diseases, this finding is difficult to explain. Again, 
only two cases in the whole series had a white cell count greater than 10,000 per 
c. mm.—and one of these was a chronic leukaemic. Only five patients had a 
positive Wassermann reaction, and in only one of these was the uveitis considered 
to be syphilitic. Only three were proved diabetics (all in Group D)—this | per 
cent. probably being a fair proportion among hospital patients of all types. One 
patient gave a history of infectious hepatitis, one of colitis, one of old Pott’s 
disease, one of perinephric abscess; two were suffering from Salmonella gastro- 
enteritis. Eight patients in the “collagenous” group had previously suffered 
non-specific corneal ulceration, and five in the local viral Group B had evidence of 
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theumatoid disease. This correlation of collagenous and herpetic disease has 


been noted by Hollenhorst and Henderson (1951). If we take 2 per cent. to be the 
incidence of all types of rheumatoid disease in the population of the U.K. 


(Kellgren and others, 1953; Conybeare, 1954) we might expect two or three of the 
Group B patients to be affected. If however, we bear in mind the fallacy recognized 


by Berkson (1946), we shall be reluctant to attach great importance to these figures. 
(10) Therapy 


Antibiotics —We have already considered the use of antibiotics. 
Old Tuberculin—We may next deal with the therapeutic use of old 
tuberculin in uveitis, if only largely to condemn it. Its popularity varies widely 


from clinic to clinic and from year to year, depending on the particular clinician's 
view of the place of the tubercle bacillus in uveal disease. Let us now judge 


its merits solely on its results. 
Fifteen of our cases were considered to be tuberculous by the responsible surgeon, 


this diagnosis being based roughly on the criteria of Woods (1951b) and therefore 


purely presumptive. None had evidence of any active tuberculosis. Table XV 
depicts the grouping (according to the author’s premises) and history of these cases. 
TABLE XV 
RESULTS OF OLD TUBERCULIN THERAPY 





\ Controlled Not Controlled | Relapsed 





1 
4 


ee 


Stans pees aca | 10 5 (33 per cent.) 8 (53 per cent.) 








Fs One of the relapsing cases in Group D had a second course of old tuberculin and had not relapsed again 
years later). 

As none could be considered granulomatous, the Group C line is empty. Seven 
were of a chronic low-grade type with episodic flares; five of these continued on 
their courses uninterrupted, two quietened but relapsed again a short while later. 
The remaining eight cases were of typical acute anterior uveitis, which rapidly 
cleared up; six of these later relapsed. Thus only two patients could possibly be 
said to have benefited by the treatment. No further comment is necessary. 


Cortisone or Hydrocortisone. 
(a) Dosage.—The majority of cases of predominantly anterior uveitis were treated only 
locally, i.e. by subconjunctival injections, 0:5 per cent. drops, or { per cent. ointment. 
The first was given two or three times a week in doses of 10 to 25 mg., the second by 
1-, 2-, or 3-hourly instillation, the third by 4-hourly inunction. 
A number of anterior cases not responding well, and the predominantly posterior uveal 
cases, were treated orally, the following schedule being employed: 
100-150 mg. daily for 5 days; then 50-100 mg. daily for 5 days; then 25-50 mg. daily for 
5 days; in divided doses. Maintenance doses of 25-50 mg. a day were sometimes used for 
further periads. 
Most cases were hospitalized for systemic treatment and the usva) precautions and 


investigations were undertaken. 
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(b) Selection of Cases.—During the first year of this investigation, cortisone was 
difficult to obtain and was used only in a small number of cases at this hospital. No 
special selection was employed, but possibly the more intense and hypertensive cases had 
first claim (following the reports of Blake and others, 1950, and Crawford, 1951). In the 
second year, the drug was fairly freely available, and was used almost indiscriminately in 
all cases of uveitis. In the third and last year, greater caution was employed, and there was 
a tendency to avoid the exhibition of this drug in cases of possible viral or tuberculous 
aetiology. The relatively few cases treated by hydrocortisone are not considered 
separately. 


(od Criteria of Response.—It is difficult in a self-limiting condition such as uveitis to 
determine any yard-stick with which the response to treatment may be assessed. As 
cortisone is non-specific and acts purely symptomatically (Woods and Wood, 1950; 
Copeman, 1955; Hogan and others, 1955), it cannot be expected to prevent relapse, so 
consideration of the relapse rate is ruled out at once. We are left with the effect on 
the visual apparatus and anatomy of the eye, and the duration of the uveitis. To some 
extent the former depends on the latter. As the mensuration and assessment of the 
former is by its multipartite nature resistant to classification and comparison, we must 
adopt the latter as our criterion. 

Duration of disease was measured from the beginning of the 3-year period, from the 
first time cortisone was used, or from the onset of the particular attack of uveitis, The 
attack was considered concluded when: 

(i) No fresh keratic precipitates were noted. 
(ii) No cells were seen in the anterior chamber and flare was minimal. 
(iti) No oedema or haemorrhages or signs of spread were apparent in the chorio-retinal 
lesions. 

(da) Results.—The average TABLE XVI 
duration of all attacks is 
Groups A, B, and C, irre- 
spective of any kind of Group | Average Duration | S.D. No. of Attacks 
treatment. Thetotal number 
of attacks for each group in A . a 
Tables XVI, XVII, and 8 iB 
XVIli varies from those in ; 

Tables X and XI owing to: 

(i) Doubtin some chronic 
cases as to the exact month 


of onset. 











Average Duration 
Group C 


TABLE Xvii 


DURATION OF ATTACKS (WEEKS), ALL CASES, COUNTING EYES, 
WITH AND WITHOUT CORTISONE 





Average Duration Average 
Difference 


Number of 
Attacks 





Group 
Without With 


\ 
| Cortisone Cortisone S 
ae 8°97 14°53 
189 | 12:63 13:76 ‘ 
25 
/ 





47-99 25 
168 13-23 16-65 
Total 508 





13-32 15-43 
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TABLE Xviil 
DURATION OF ACTIVITY WITH OR WITHOUT CORTISONE 


(self-contro)led series) 


Average Duration \ 























Group Number | Average. 
Without With Difference t D. of f. P> 
wae Cortisone ) Cortisone 
A 5-53 8-96 —3-43 1 il 0-05 
B 12 6 762 —1)°62 1:3 1] 0-05 
Cc 1 8-0 3°5 +4-5 —- _ _ 
D 8 5-7 6-2 —0:5 — — — 
Total | 33 S81 | 7-64 | —1-83 1-4 | 32 | 0-05 











(ii) Default or other loss of some patients making assessment of duration impossible. 

We see that the average duration of attacks in Group B exceeds that in Group A by 
1-73 weeks, whilst that in Group C exceeds Group B by 21-51 weeks. Standard deviations 
are indicated; with these we may compute the variances, the standard errors of differ- 
ence, and thence Student’s ¢. Tables for this factor show that there is no significant 
difference between the duration of attacks in Groups A and B, (P>0-05) yet there is one 
between Groups B and C (P<0-05) and between Groups A and C (P<0-01). This 
establishes the relatively chronic nature of Group C uveitis. 

Table XVII also shows that cortisone treatment prolongs the duration of disease on the 
average in Groups A, B, and D, but shortens it in Group C. Statistical analysis, using 
Student’s ¢ test, again shows no significant difference between the duration of activity 
with or without cortisone for Groups A, B, or C, or for the total number of cases. 

It might be argued that the cases are not strictly comparable in the treated and untreated 
series; e.g. cortisone might have been preferentially given to chronic or intractable cases, 
or to glaucomatous cases, in the early stages of its use in this hospital, or to non-granu- 
lomatous cases later, being withheld from those of a possibly viral nature. We have 
therefore taken the records of patients with recurrent uveitis treated on one or more 
occasions with and on other occasions without cortisone, and grouped the attacks ac- 
cordingly; thus the patients act as their own controls. 33 such patients were traced and 
their history shown in Table XVIII. 

Duration is less for attacks not treated with cortisone, considering all attacks, or those 
of cases grouped A, B, or D separately. In Group C cases the attacks showed shorter 
duration when so treated. Applying Student’s t analysis, however, we find none of these 
differences to be significant (P always>0-05). Thus cortisone had no significant effect 
on the duration of the attack in any of our groups. 

These results are contrary to those recorded in most previous publications, but the differ- 
ence may derive from the excessive selectivity and lack of controls shown by these studies, 
combined with an absence of statistical analysis. In “‘ collagenous ” diseases, properly 
conducted surveys have already revealed the dubious value of these drugs (Medical 
Research Council and American Heart Association Report, 1955; Medical Research 
Council and Nuffield Foundation Report, 1954; West and Newns, 1953). 

Considering our groups in turn, we might expect cortisone to be beneficial in Group A, 
of doubtful value in Group C (Woods, 1952; Hogan and others, 1955; etc.), and possibly 
dangerous in Group B. In general, treatment should prove of little value. This is 
borne out by our results. 

Summary 

(1) Three associational groupings in uveitis. are described, and the 

author’s cases are classified accordingly into four groups: 
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(A) Systemic disease of the collagenous or rheumatic type. 
(B) Local (ocular) viral infection. 


(C) Systemic and ocular granulomatous disease. 
(D) Other cases. 
(2) Investigational analysis shows: 


(a) A tendency for Group C cases to affect both eyes, but B cases only one, 
Groups A and D being intermediate. 

(b) No significant sex distribution 

(c) A single significant age variation in the relative youthfulness of Group C 
cases. The rarity of uveitis in children is confirmed. 

(d) Erythrocyte sedimentation rates lower in Group B than in Groups 
A or C. 

(e) Incidence of focal infection resembling that in the general population. 
Eye condition not affected by surgical or antibiotic treatment of focal 
infection. 

(f) No variation in frequency of attacks for any group with the season of 
the year. 

(g) Recurrence rates high in all groups. 

(h) Secondary glaucoma more frequent in Group B. 

(i) Of other associations, myxoedema, certain urinary and coryzal in- 
fections, and certain dermatoses, perhaps unduly frequent. Positive 
Wassermann reaction, tonsillitis, and abnormal blood picture rare. 

(j) Old tuberculin of no value in treatment. 

(k) Duration of attacks greater in Group C than in Groups A or B. 

(1) Duration of activity of uveitis in any one group or in the whole series 
not significantly affected by cortisone. 

(3) It is felt that this analysis to some extent confirms the validity of the 
nosology described, and suggests a basis for the organismal aetiology of 
uveitis. It indicates the worthlessness of much expensive clinical investiga- 
tion of patients and of their therapeusis, and urges that greater attention 
be paid to old-fashioned history-taking and clinical study of the patient as 
a whole. 


I am indebted to the Senior Medical Staff of the Eye Hospital and Royal South Hants. Hospital, 
Southampton, for their encouragement and kindness in giving me access to their cases and records 
and in permitting me to publish this work. 
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INVESTIGATION OF THE CARBONIC ANHYDRASE 
CONTENT OF THE CORNEA OF THE RABBIT* 


BY 
J. GLOSTER 


Medical Research Council, Institute of Ophthalmology, London 
Director of Reszarch: Sir Stewart Duke-Elder 


THE presence of carbonic anhydrase in ocular tissues has been studied 
intermittently for more than 10 years, but this matter. gained fresh interest 
after Becker (1954) reported that a reduction of intra-ocular pressure could 
be obtained in man by the systemic administration of 2-acetylamino-1, 3, 
4-thiadiazole-5-sulphonamide (Diamox), a substance which is known to be a 
powerful inhibitor of carbonic anhydrase. 

Bakker (1939, 1941) showed that the crystalline lenses of various mammals 
contained relatively large amounts of this enzyme, and its presence, in lower 
concentrations, has been demonstrated in the ciliary body and iris of rabbits 
(Wistrand, 1951; Gloster and Perkins, 1955). However, little attention 
appears to have been paid to the carbonic anhydrase content of the cornea, 
apart from a statement by Bakker (1941) that very small quantities of the 
enzyme are present in this tissue in dogs. 

The effect of Diamox, injected intravenously, on the pH and the concentra- 
tions of carbon dioxide and bicarbonate in the aqueous humour of rabbits 
has been studied recently (Lee, 1955; Langham and Lee, 1955), and, since the 
cornea, in common with the lens, ciliary body, and iris, comes into direct 
contact with the aqueous humour, an investigation of the carbonic anhydrase 
content of the cornea seemed likely to prove of some interest. 


Methods 

(1) Preparation of Extracts of Whole Corneae.—The corneae were excised from 
rabbits less than half an hour after death, care being taken to cut sufficiently far 
from the limbus to ensure that only avascular tissue was obtained. The corneae 
were washed rapidly in physiological saline, excess moisture was removed, and 
the tissues were then weighed. 

Corneal extracts “‘ A” and “‘ B” were prepared by cutting the excised corneae 
into small fragments with scissors and then homogenizing with glass-distilled 
water in a Blendor (M.S.E.) homogenizer for 30 minutes. The homogenate was 
then centrifuged and the supernatant liquid stored in a refrigerator until the car- 
bonic anhydrase determinations were carried out. 

Corneal extracts “‘C ’’, “‘ D” and “‘ E” were prepared as follows: 

The excised corneae were packed together and were frozen to the block of a freezing- 
microtome, small quantities of glass-distilled water being added from time to time. The 
whole mass of frozen corneae and ice was then cut into 25u sections, glass-distilled water 
was added to a known volume, and the extract was stored overnight at 0°C. After 
centrifuging, the supernatant was used for the carbonic anhydrase estimations. 
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“‘ Heated ” extracts were prepared by keeping some of the extract at 80°C. in a 
water-bath for 60 minutes. 

(2) Preparation of Extracts of Corneal Epithelium and Endothelium.—The 
epithelium and endothelium of corneae excised from rabbits, less than half an 
hour after death, were scraped off separately on to glass cover-slips which were 
placed in stoppered weighing-bottles. After weighing, the tissues were ground up 
with a known volume of glass-distilled water in a glass tissue-grinder. The extracts 
were centrifuged and the supernatant kept at 0°C. until required for the deter- 
mination of their carbonic anhydrase activity. 

(3) Determination of the Carbonic Anhydrase Content of Extracts.—Carbonic 
anhydrase activity was determined by a modification of the method of Krebs and 
Roughton (1948) at 25°C., using Warburg manometers. 

TABLE I : 


CARBONIC ANHYDRASE DETERMINATIONS ON EXTRACTS | 
FROM CORNEAL TISSUES OF RABBITS 
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ul. CO, Evolved 
Experi- f 
ment Extract 60 sec. after Mixing | 120 sec. after Mixing Final Volume 
No. 

No. of No. of 4 No. of 
Mean -+- determina- Mean + determina- Mean + |determina- 

S. E. tions S tions S. E. | tions 

Uncatalysed 9446-8 5 |186412-5| 5 |57241-7| 5 

1 Corneal A 103+2-7 5 203+ 4:2 5 573+ 4:6 | 5 

Heated A 96+3°8 5 193+ 5-3 5 563+ 7-6 | 5 

Uncatalysed 105+3-5 5 | 212+ 5-4 5 | 5664128; 5 

2 Corneal B 103+1°8 § 204+ 2-7 5 558+ 7:6 5 

Heated B 102+1-9 5 204+ 2-8 5 566+ 5-2 5 

Uncatalysed 121+3-2 5 234+ 5:5 5. | 560+ 6°4 5 

3 Corneal C 116+1-4 5 226+ 3-5 5 570+ 8:7 5 

Heated C 117+3:1 5 227+ 5:9 5 570+ 3:1 | 5 

Uncatalysed 117+6-7 5 224+12°8 5 575+ 5-6 5 

4 Corneal D 125+4-7 5 237+ 8-3 5 567+ 9:8 5 

Heated D 121+2-8 5 236+ 6:7 5 577+ 7:4 5 

Uncatalysed 109+3-2 5 209+ 4-6 5 558+ 5-4 | 5 

5 Corneal E 116+2-2 5 224+ 3-7 5 572+10-5 5 

Heated E 114+1-9 5 223+ 3:0 5 577+ 2:5 5 

Uncatalysed 129+7-6 8 246+10-3 8 570+ 7:3 8 

6 Epithelial I 115+2-3 5 220+ 3:0 5 575+ 5-5 5 

Endothelial I 115+1-3 5 223+ 1:0 5 582+ 9-2 5 

Uncatalysed 113+9°8 5 221+16-6 5 566+ 6:4 5 

7 Epithelial IT 117+5-7 5 221+ 8-5 5 575+ 5:1 5 

Endothelial II 113+4-9 6 217+ 5:1 6 560+ 5-7 6 

Uncatalysed 118+7-0 12 230+11-7 12 586+ 4-8 12 

Epithelial III 131+4-4 5 249+ 9-2 5 606+ 12-6 5 

8 Heated Epith- | 126+1-9 5 238+ 3-7 5 600+ 5-2 5 

elial III 
Endothelial IT | 117+5-7 5 224+ 6:2 5 586+ 6°6 5 
nue oe 120+2°8 5 231+ 5-0 5 581+ 4:4 5 
elial I 
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1 ml. of 0-1 M sodium bicarbonate solution was placed in the side-arm, and 1 ml. 
of 0:1 M phosphate buffer (pH 6-98) in the main body of the flask. 0-2 ml. of 
extract was added to the buffer for determining carbonic anhydrase activity. In deter- 
mining the rate of the uncatalysed reaction, 0-2 ml. of glass-distilled water was used instead 
of extract. After equilibration for 10 minutes, the contents of the flask were mixed, and 
readings were taken at intervals-of 60 seconds for 10 minutes, and also at 20 minutes after 
mixing; a final reading was taken when no further change was observed. At least five 
determinations were made of the carbonic anhydrase activity of each extract and of the 
rate of the uncatalysed reaction. 


Results 

In the presence of carbonic anhydrase the rate of carbon dioxide evolution 
is increased in the early stages of the reaction as compared with the uncatalysed 
reaction. The volumes of carbon dioxide evolved 60 and 120 seconds afier 
the flask contents had been mixed were, therefore, calculated for the un- 
catalysed reactions and for the reactions in which the extracts had been 
added. The final volumes of carbon dioxide evolved were also calculated. 
The arithmetic means of these volumes for each set of determinations are - 
given in Table I, and Table II shows the weight of tissue used and the final 
volume of each extract. 




















TABLE Il 
WEIGHTS OF CORNEAL TISSUE USED AND VOLUMES OF EXTRACT 
Extract Weight of Tissue (mg.) Volume of Extract (ml.) 
Corneal A ... i See sak 506 12-0 
Corneal B_.... aes sist a 1,638 37-5 
CornealC .... sate is Si 1,094 22:5 
Corneal D .... cee x zh 413 9-0 
CornealE ... se ise Gs 645 9-0 
EpithelialI ... sat pt ¢e 40 3-5 
Endothelial I es es Se5 108 3°5 
Epithelial II ... “a3 xii ne 22 1-5 
Endothelial IT “iy eS rhe 23 1-5 
Epithelial ITI ... es Hak ids 53 3-5 
Endothelial IIT sie he rae 50 3-5 











The results given in Table I were submitted to statistical analysis, using. 
Student’s “‘ ¢”’-test, and it was found that the volumes of carbon dioxide 
evolved after 60 and 120 seconds for the reactions in which the extracts 
were added did not differ significantly from those for the corresponding 
uncatalysed reactions. Moreover, there was no significant difference 
between the rates of the reactions in which fresh extract was added and those 
of the reactions in which the corresponding heated extract was used. The 
final volumes of carbon dioxide evolved were noi significantly different. 


Discussion 
The results obtained in these experiments show that carbonic anhydrase 
could not be demonstrated by the manometric procedure described in 
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extracts prepared from the corneae of rabbits. Using the same method of 
carbonic anhydrase determination, a significant acceleration of the reaction 
can be obtained by the addition of a 1:10,000 dilution of rabbit’s blood. 
It can therefore be calculated from these results that the concentration of 
carbonic anhydrase in the whole cornea cannot be greater than sdoth of 
that in blood, while the concentrations of the enzyme. in corneal epithelium 
and endothelium cannot be greater than ;iath and roth respectively of 
that in blood. The concentrations of the enzyme in the lens and in the 
ciliary body and iris of rabbits are approximately }th and ;th respectively 
of that in blood (Gloster and Perkins, 1955), so that it is evident that, if 
any carbonic anhydrase is present in the corneal tissues, its concencration 
is considerably less than in the other tissues in contact with the aqueous 
humour. 


Summary 


The carbonic anhydrase activiiy of aqueous extracts of whole cornea, 
corneal epithelium, and corneal endothelium of rabbits was investigated by 
a manometric method. No evidence of carbonic anhydrase activity was 
found in the extracts. 
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HYALURONIDASE IN OCULAR TISSUES* 


I. SENSITIVE BIOLOGICAL ASSAY FOR SMALL 
CONCENTRATIONS OF HYALURONIDASE 


BY 


G. MAYER 
Haifa 


SEVERAL methods for the estimation of hyaluronidase have been ‘described : 


(1) The spreading reaction is a biological method, measuring the decomposing 
effect of hyaluronidase on the mucoids of the cement substance of rabbit’s skin 
(Duran-Reynals, 1929). These substances consist partly of hyaluronic acid. 
Hyaluronidase increases the permeability of the tissues, and this involves an 
increased spreading capacity of liquids and corpuscular substances. 

This test is not specific for hyaluronidase as some unspecific agents also give a 
spreading reaction. 

(2) The viscosity-reducing method is based on the fact that hyaluronic acid is 
a substance of high viscosity (Madinaveitia and Quibell, 1940). The reduction 
of the viscosity caused by hyaluronidase is measured by this method. 

(3) The turbidimetric method is most extensively used (Kass and Seastone, 1944). 
It is based on the observation that pure hyaluronate at pH 4-2 forms a stable 
turbid colloidal suspension with dilute serum, whereas depolymerized hyaluronate 
remains clear in these conditions. 

(4) Mucin clot prevention depends on the observation that native hyaluronic 
acid in acid solution coprecipitates with protein in a fibrous “ mucin” clot 
(Robertson, Ropes, and Bauer, 1940). After incubation with hyaluronidase, 
hyaluronic acid becomes depolymerized and the mucin clot formation is prevented. 
The mechanism of this test is not clear. 

(5) The chemical method consists in measuring the increase in reducing sugar, 
or in liberated acetyl-glucosamine after depolymerization of hyaluronic acid. 


None of the methods mentioned above is sensitive enough for the deter- 
mination of small quantities of hyaluronidase, for example those possibly 
present in the tissues of the eyes. 

The bacteriological decapsulation method is based on the observation 
that certain strains of mucoid streptococci of the Lancefield Groups A and C 
under definite conditions produce a capsule consisting of hyaluronic acid, 
which is dissolved in the presence of hyaluronidase (McClean, 1941a,b, 1942; 
Hirst, 1941). 

The bacteriological method is the most sensitive one but has been objected 
to (Meyer, 1947) because these organisms may lose their capsules under 
various conditions without added enzyme. 
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Murray and Pearce (1949) developed a bacteriological method based upon 
the characteristics of certain mucoid strains of Streptococcus pyogenes 
growing on agar. These colony characteristics were specifically changed in 
the presence of hyaluronidase, and hyaluronidase activity could thus be 
demonstrated. 

Repeated use of the method of Murray and Pearce gave very variable 
results in this laboratory. 


By using in a different way the principle of decapsulation a sensitive 
bacteriological method has been developed which has enabled us to estimate 


hyaluronidase in very small concentrations. 


Materials 
The medium used for maintaining cultures and for the test was brain heart infusion 


(Baltimore Biological Laboratory) pH 7-4 with the addition of 1-2 per cent. of granu- 
lated agar. 


The blood had to be added while the medium was at 60°—65°C. Each ‘ampoule of 


hyaluronidase contained 25 Cilag viscosity reducing units (V.R.U.) which correspond 
roughly to 75 turbidity reducing units (T.R.U.). 

A Lancefield Group A Type 9 Streptococcus pyogenes (“ M Str. 9 ’’), kindly supplied 
for this purpose by Dr..R. G. E. Murray, was used as substrate organism. 

To keep the organism in its mucoid and capsulated state the following method gave 
satisfactory results: 

The streptococcus was incubated in the liquid siiedfinen for 2-5 hrs; it was then trans- 
ferred to a solid slant, from which it was again transferred after 16-18 hrs’ incubation to 


the liquid medium. It was therefore necessary to transfer the strain twice daily. A 
stock of the capsulated organism was kept in a lyophilized state. 


Capsule staining from the liquid medium was made by an Indian-ink-carbol fuchsin 
method. 


METHOD 


The streptococci were incubated from the [6- to [8-hours-old solid-medium 
culture, into three test tubes with the liquid medium. This was incubated for 


2 hrs—after which time capsule staining was performed from each tube. From 
the beginning of this incubation, the duration of the experiment should not exceed 
5 hours, after which time spontaneous decapsulation might occur. 

The culture showing the largest mean size of capsules was used for the experiment. 
The contents of this tube were distributed into Widal test tubes, 0-5 ml. being 
inserted into each one. 

A series of dilutions of hyaluronidase in saline was prepared. From this series 
Q-2 mi. of each dilution was added to each of the tubes containing the culture. 
Three tubes were set up as controls, e.g. 0-2 ml. saline was added to each of them 
instead of hyaluronidase. 

All the tubes were now incubated for 2 hours. After this period capsule stain- 
ings were performed—two slides from each tube. Fifty chains were examined on 
each slide—altogether a hundred chains from every dilution. The chains were 
divided into two groups: 


Group 1.—Chains without or with very small capsules; 
Group 2.—Cnhains with medium and with big capsules (Figs 1, 2, and 3, opposite). 





*The hyaluronidase used during these investigations was produced by “ Cilag ”’ Limited, Schaffhausen, Switzerland. 
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Fic. 1,—Small capsule. Fic. 2.— Medium capsule. 


Results 

The results were evaluated by calcu- 
lating the percentage of streptococci 
without or with very small capsules 
in each dilution. 

Fig. 4 shows that the series of dilu- 
tions of hyaluronidase caused decap- 
sulation of 100 per cent. of the 
streptococci down to the concentra- 
tion of 0-025 T.R.U. per ml., and 
96 per cent. of the streptococci down 
to the concentration of 0:0125T.R.U. 
per ml. 70 per cent. of streptococci 
became decapsulated by the concen- Fig. 3,—Big. capsule. 
tration of 0-006 T.R.U. per ml. 

The controls contained 15, 10, and 7 per cent. of chains without capsules 
or with very small capsules. 

Fig. 5 demonstrates a similar experiment with a series of dilutions of 
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Fic. 4.—Relationship of concentrations of Fic 5.—Relationship of concentrations of 
hyaluronidase to percentage of decapsulated hyaluronidase to percentage of decapsulated 
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hyaluronidase. Concentrations of hyaluronidase approximating to only 
0-025 T.R.U. per mi. caused decapsulation of 90 per cent. of the strepto- 


cocci, whereas 0.0125 T.R.U. per ml. caused no decapsulation. 

The concentration of 0-0125 T.R.U. per mi. came within the range of 
the controls without hyaluronidase. 

The further experiments were made at the same time with the same dilu- 
tions of hyaluronidase using the same streptococcus culture. The results 
were similar: 0-025 T.R.U. per ml. caused decapsulation. 

In order to estimate the sensitivity of the test with tissue extracts we 
examined tissue from rabbits’ testes. 1-3 gr. testes were mashed in a glass 
homogenizer. The dilution of 1 : 780-000 per gr. testes gave evidence of the 


presence of hyaluronidase activity. This experiment proved again the 
sensitivity of the method used. 


Discussion : 
Bacteriological decapsulation appears to be the most sensitive method for 
the estimation of hyaluronidase. The disadvantage of this method was the 
possibility of spontaneous decapsulation without added hyaluronidase. To 
avoid unspecific decapsulation the following measures were taken: 


(1) The organism was maintained in a fairly stable mucoid state using the devices 
described above. 

(2) One out of three 2-hour-old cultures were chosen, having been proved by 
preceding examination to be most suitable for the experiment because it had the 


largest mean size of capsules and the least variation in capsule size among the 
individual chains. 


(3) The time of the entire experiment was kept within the limits of 5 hours, 
after which time spontaneous decapsulation often appears. 


Summary 


A sensitive bacteriological method of assay for hyaluronidase is described. 
This method enables the detection of small concentrations of the enzyme 
down to a limit of between 0-025 to 0-0125 T.R.U. per ml. 


This work was carried out in the ophthalmological laboratory of the Rambam Government 
Hospital, Haifa, under the direction of Dr. I. C. Michaelson. The work was supported by a 
grant from the Arnold Reuben Fight for Sight Fund of the National Council to Combat Blindness 
Inc., New York. ‘ 

The author is indebted to Dr. I. C. Michaelson for his continuous help and advice, and to 
Miss Eva Lewkowitz for her technical assistance. 
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INCLUSION BODIES IN TRACHOMA* 
‘a 
A. J. DARK 


Department of Histology, School of Medicine, American University of Beirut, Lebanon 


Tue epithelial-cell inclusion, which is characteristically found in the early 
stages of trachoma was first described by Halberstaedter and Prowazek 
(1907). Since that time, a considerable literature concerning the nature of 
these bodies has accumulated. It is generally conceded that they consist of 
virus particles together with material elaborated by the virus and/or 
produced by the parasitized cell as a result of interference with its metabolism. 

The concept of developmental phases in the life-history of the inclusion 
body was first described by Lindner (1910). At an early stage the inclusion 
body is composed of larger particles (0‘6—1°6 u) staining dark blue with 
the Giemsa mixture—the “ initial bodies ”—which are associated with a 
basophilic matrix—the so-called “ plastin” material of Halberstaedter 
(1912). The initial bodies are considered to fragment in some way, thereby 
giving rise to the smaller particles called “elementary bodies” (0-25 u), 
which stain in a manner similar to that of nuclei with the Giemsa mixture, 
i.e. magenta-red (““ Romanowsky effect”). Lindner’s observations have 
in general been confirmed by those of Thygeson (1934a), and have received 
indirect support from the parallelism afforded in the maturation stages 
described for the inclusion body in inclusion conjunctivitis (Thygeson, 
1934b), and also by the somewhat similar cyclical changes described for the 
inclusion bodies in psittacosis (Bedson and Bland, 1932; Bland and Canti, 
1935), and lymphogranuloma inguinale (Findlay and others, 1938). Indeed 
it is largely because of this similarity in the pleomorphism of their inclusion 
bodies that the large viruses of these four diseases are grouped together 
taxonomically. 

Rice (1936) and later Thygeson (1938) demonstrated the presence of a 
carbohydrate matrix in which the virus particles lie; using histochemical 
methods they identified this substance as glycogen. 

Grossfeld (1950), using the Feulgen technique, found the elementary 
bodies to contain desoxyribose nucleic acid (this author considered the 
initial bodies and elementary bodies to be similar in nature, differing 
essentially only in size and in their degree of basophilia). 

In this present study, histochemical methods were used to demonstrate both 
types of nucleic acids (desoxyribose nucleic acid (D.N.A.) and ribose nucleic 





*Received for publication June 17, 1955. 
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acid (R.N.A.)) and also carbohydrate in the inclusion bodies. The resuits 
of these investigations were obtained alongside the tinctorial properties of 
the inclusions revealed by using the classical Giemsa method, and the method 
of Poleff (1951, 1952) which has recently come into general use. 


Material 


Some 300 cases of early trachoma (Stages J-II according to the MacCallum 
classification) were studied in schoolchildren in the Marjoyoun district of Southern 
Lebanon. A flat thin celluloid strip lcm. wide, with bevelled corners, was drawn 
across the unanaesthetized palpebral conjunctiva of the everted upper lid. The 
material so collected was smeared slightly on grease-free slides, which, after air- 
drying, were further fixed either in absolute methanol or by heat. 


Technique 

As will be described later, the inclusion bodies exhibit a variety of forms and 
staining properties; it was therefore necessary to submit-a given inclusion body to 
a number of histochemical staining methods in sequence so that comprehensive 
information concerning that particular inclusion body could be obtained. The 
procedures were so arranged that later methods were not invalidated by previous 
ones; in addition, it was necessary to remove the colour(s) produced by one 
technique before proceeding to the next. Inclusion bodies were first tentatively 
identified by staining with Giemsa, and then each inclusion was treated in turn 
with some or all of the other techniques described below. 


Giemsa Stain.—Smears were stained in a 1/40 solution of Giemsa for 1 hour. Subsequent 
decolourization was achieved by immersion in 70 per cent. alcohol for a few hours. 


Poleff’s Stain.—This stain, devised to emphasize the contrast between inclusion 
particles and the epithelial cells, is a citric acid-methylene blue mixture (pH about 2-7) 
which is applied to heat-fixed smears for 3 minutes. It can be removed from smears by 
treatment with acid/alcohol. 


Nucleic Acids 


Ribose nucleic acid (R.N.A.) was identified by Brachet’s method. Briefly, a loss of 
basophilia (e.g. to methylene blue) after incubation in the enzyme is considered to be 
due to removal of R.N.A. 


Desoxyribose nucleic acid (D.N.A.) was identified by the Feulgen method (the “ direct 
Schiff’ reaction was used as control). The colour produced by this method was re- 
moved by excessive hydrolysis for 5 to 10 min. in 1N.HC1. 


Glycogen.—Three histochemical methods supplemented by salivary digestion tests 
were used for the identification of glycogen: 


Iodine Reaction.—Rice’s method was adhered to in some instances, but the following 
modification of Rice’s original method was found preferable. Smears were stained with 
Lugol’s solution for 1 minute and then thoroughly air-dried after removal of the excess 
solution with blotting paper. The smears were cleared in toluene and mounted 
in “‘ permount ” dissolved in toluene. This method has the following advantages: 

(a) facilitating oil-immersion observation and microphotography ; 


(5) increasing the contrast between the glycogen and the background; 
(c) being permanent for at least 6 months so that slides can be examined at leisure. 


The iodine stain is readily removed from rehydrated smears by washing in water. 
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Best’s Carmine.—The stained smear can be freed of this dye by washing briefly in distilled 
water. 


P.A.S.—This technique was used last in the series of tests because the colour produced 
cannot be easily removed. Some inclusions were submitted to salivary digestion for 
30 min. to 1 hour; a negative P.A.S. reaction following this procedure was ee to 
removal of glycogen. 

An example of the somewhat cbieallcnted technical procedure is partly 
illustrated (Figs la, 1b, 1c). The inclusion illustrated was first identified in a 
smear stained with Giemsa; it was then ringed and drawn to facilitate subsequent 
identification. The slide was placed in 70 per cent. ethanol and the dyes 
dissolved out. The smear was now stained with Lugol’s iodine and the result 
is shown in Fig. la. The rehydrated slide was washed in water and then 
subjected to Feulgen hydrolysis followed by Schiff’s aldehyde reagent. Fig. 1b 
illustrates the result of this test. Further hydrolysis of the smear irreversibly 
destroys the Feulgen reaction and the slide was now subjected to the P.A:S. 
routine—Fig. Ic. 

Observations 

Conjunctival epithelial cells and polymorphs are the chief cells present in smears 
from trachomatous eyes, although lymphocytes, monocytes, and mast cells may 
also be seen. The Giemsa mixture stains chromatin a reddish-purple (“‘Roman- 
owsky effect’), nucleoli deep blue, while the cytoplasm of epithelial cells is 
stained a paler shade of blue. Azurophil granules, the granules of mast cells and 
blood basophils are stained red to purple. In addition, macrophages containing 
basophilic debris (Leber’s cells) are present in many of the smears. 

The following description of the development of the inclusion body is necessarily 
presumptive (since division forms were not observed). The smallest—presumably 
the youngest—inclusions are visible as small aggregations of initial bodies (two 
to four in number) which are usually associated with an intensely basophilic 
matrix or ground substance presumably identical with the “‘plastin” material. This 
ground substance is homogenous and very sharply defined from the cell cytoplasm. 
It is upon this substance, which stains deep blue (Giemsa), that the shape of the 
inclusion at this stage depends; often irregular it may be rounded, crescentic, 
reniform, or moulded on to one pole of the nucleus like a cap. More than one 
such inclusion may be seen in the same epithelial cell (Fig. 9; up to four have been 
noted). The inclusions, while always intracytoplasmic, are frequently closely 
associated with the nucleus, which at this stage is apparently healthy. 

Not infrequently the nuclear membrane of a healthy epithelial cell is ruptured 
in the smearing process; the intracytoplasmic herniation of chromatin thus caused 
gives only a superficial resemblance to the smaller inclusion bodies—it has no 
initial bodies, “ plastin”’ is absent; moreover this phenomenon may be readily 
observed in smears from healthy eyes. 

In the larger inclusions the initial bodies are replaced by the elementary bodies, 
the “ plastin ” becomes amorphous and finally so attenuated that only a few fine 
strands and islands remain. It is, at this later stage, an inconspicuous component 
of the inclusion body. The elementary bodies stain a reddish-purple tint (Giemsa) 
and are by now fairly evenly separated from each other. Between them there is 
glycogen*, which was demonstrated by the three techniques described above. It 





*In this connexion it is worth noting that glycogen is not demonstrable by histochemical means in the epithelial 
cells of the normal palpebral conjunctiva. 
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Fic. 1(8). Fic. 1(c). 


Fic. 2(5). Fic. 2(c) 






Fic. 4(a). Fic. (40). 
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Fic. 6. Fic. 7. Fic. 8. Fic. 9. 


could be completely removed from the inclusions after salivary digestion at 37° C. 
for 30 min., whilst boiled saliva under these conditions was without such an effect. 
Glycogen was not detected in the majority of the earliest inclusions. 
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Fic. 1(@).—Trachoma inclusion stained with Lugol’s iodine (by method described 
in text) showing hollow spheres of glycogen. 950. 


Fic. 1(6).—Same inclusion as in. 1(@)—dark central areas surrounded by clear zones. 
Feulgen reaction. 950. 


Fic. 1(c)—Same inclusion as in 1(a) and 1(b). After excessive hydrolysis the 
Feulgen reaction has been destroyed and the slide has been subsequently submitted 
to P.A.S. routine. 950. 


Fic. 2(a).—Rice’s iodine technique: st or component of an inclusion 
body occupying upper portion of cell. 550 


Fic. 2(6).—Same inclusion as in 2(a): elementary particles almost completely fill 
cytoplasm. Giemsa. x 950. 


Fic. 2(c).—Same inclusion as in 2(a) and 2(6). Now stained in Best’s carmine to 
show glycogen component of inclusion body. 950 


Fic. 3.—Rice’s iodine method, showing glycogen component of a crescentic in- 
clusion body which had previously been shown to contain initial bodies. 550. 


Fic. 4(a).—Elementary bodies. Giemsa. 950. 
Fic. 4(6).—Same cell as in 4(a): glycogen component of inclusion body. P.A.S, 
method. 950. 


Fic. 5.—Ovoid inclusion, the particles of which are of the initial body variety, 
surrounded with glycogen, although this is not demonstrated here. Giemsa. 950. 


Fic. 6.—Two inclusions in one cell. Although elementary bodies predominate, 
initial bodies are also present. Dark masses in right-hand portion of upper 
inclusion are residual islands of “* plastin’’. Giemsa. 950. 


ee bodies lying in a bean-shaped plaque of “ plastin’”. Giemsa. 
x 950. 


Fic. 8.—A large macrophage which has apparently phagocytosed a neutrophil and 
a degenerating epithelial cell, the pyknotic nucleus of which is surrounded by in- 
clusion particles. Giemsa. 950. 


Fic. 9.—An early stage: two inclusions are seen at opposite poles of the nucleus. 
The initial bodies cannot be seen clearly because of the densely stained “ plastin ” 
background. Giemsa. 950. 


Although the above morphological description is true in general, it must be 
added that small inclusions composed of elementary bodies, large inclusions 
composed of initial bodies and numerous intermediate types are also seen from 


time to time. 


are 


in a thin film of glycogen. 


Although both Thygeson and Rice considered the glycogen in their inclusions 
to be distributed as a matrix (and this appearance is certainly obtained when smears 
“* wet-mounted ” in Lugol’s iodine): the impression gained in this study was 
more often that of a capsular arrangement—each inclusion-particle being enveloped 
This latter appearance was especially evident when 
some of the particles were found lying away from the main mass isolated in the 


cytoplasm or just outside the cell. 


ing process. 


Occasionally it appeared as if the elementary bodies had “ overflowed ” into 
the general cytoplasm; in such inclusions the underlying dark contour (e.g. seen 
in Figs 1a, 2c, 4a) probably represents more exactly the original line of demarcation 
of the inclusion; such an appearance is possibly an artefact produced by the smear- 
Small cracks and fissures present in some of the larger inclusions 


are doubtless artefacts, probably produced by the methods of fixation. 


The larger inclusions vary considerably in shape. They may be crescentic, 
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ovoid, or bonnet-shaped, as can be seen in the illustrations; they are usually sharply 
demarcated from the surrounding cytoplasm—all of which they finally occupy. In 
the cells occupied by the larger inclusions the nucleus is usually markedly pyknotic 
and often distorted in conformity with the shape of the inclusion (Fig. 5). Free 
initial bodies were not observed in these studies, although the presence of initial 
bodies in such large inclusions as shown in Fig. 5 suggests that they may be seen 
from time to time. Free elementary bodies were seen only occasionally and even 
then were not identified with certainty unless situated near a ruptured inclusion. 

Both the initial and elementary bodies gave a strong Feulgen reaction—but the 
direct Schiff réaction was negative in both cases. It is therefore concluded that 
they both contain D.N.A. 

The “ plastin” substance was removable with ribonuclease and is therefore 
presumably R.N.A. 

The surface cells of the normal palpebral conjunctiva possess a very fine 
carbohydrate-containing cuticle (P.A.S. positive): it is noteworthy that in none of 
the parasitized cells examined could this be demonstrated. 

The inclusion particles noted in these studies were stained only very faintly with 
Poleff’s method and then in the orthochromatic shade of methylene blue. How- 
ever, this method did reveal cells which contained intense reddish-purple granules 
(i.e. exhibited the alcohol-resistant or “‘ gamma ”’ type of metachromasia). These 
cells had healthy nuclei; their chromatin pattern as revealed by the Feulgen 
technique was more coarsely trabeculated with “ knots ” in contrast to the finer 
punctate nuclear pattern of epithelial cells which also have one or more true 
nucleoli. The granules themselves were Feulgen negative and were unstained with 
the iodine method for glycogen, while Best’s carmine stained them only faintly, 
and the P.A.S. reaction although positive for the granules was unaffected by 
previous salivary digestion. The granules were, however, well stained with 
mucicarmine. It was concluded from the above results that these cells are in fact 
tissue basophils (mast cells). The cytoplasm and granules of such cells are often 
disposed in a crescentic form around the nucleus leaving one or other pole 
“ naked ”’—an appearance admittedly not characteristic of mast cells in con- 
nective tissue spreads and sections but understandable in smears. 

Mast cells were found to be a normal constituent of the lamina propria of the 
palpebral conjunctiva at all ages often lying close to the basement membrane. 
Their presence in smears and curettings from the palpebral conjunctiva is therefore 
to be expected. 





Discussion 

Some of the difficulties of diagnosing true trachoma inclusions have already 
been described by Stewart (1939). In evaluating Poleff’s method in terms 
of the histochemical properties claimed for the inclusion bodies, it is shown 
that this method primarily demonstrates mast cells, while the true inclusion 
particles are relatively unstained. The microscopic diagnosis of trachoma 
is best made by using thin smears of the palpebral conjunctival epithelial 
cells rather than scrapings: a wider area of superficial epithelial cells is thus 
encompassed and the ratio of epithelial cells to mesodermal elements. is 
thereby increased, so that a greater number of epithelial cell inclusion bodies 
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can be expected. Rice’s iodine method is most useful as a preliminary 
diagnostic procedure, but if negative it must always be followed by the 
classical Giemsa stain, because all inclusions do not contain glycogen and 
some contain so little that they are likely to escape detection by the iodine 
method. 

The great bulk of the mature inclusions is made up of glycogen, which may 
serve as nutritive material for the virus; it makes thus a considerable con- 
tribution to the volume of the inclusion and may therefore also be a factor 
in the ultimate dehiscence of the mature inclusion body. It would seem 
that the glycogen is intimately attached to the inclusion particles; this may 





contribute to their diameter, making it greater than the measurement cal- 


culated from Giemsa preparations. It would be of obvious interest to 
determine the in vivo action of malt diastase or ptyalin on these 
glycogen capsules. 

The origin of the glycogen present in these inclusion bodies is not known. 
If produced by the virus it would imply a high degree of enzymatic organiza- 
tion; if produced as a result of altered cellular metabolism it could be due to 
inhibition of glycolysis. It appears that the “ plastin” ground substance, 
a conspicuous component of the smaller inclusions containing initial bodies, 
is as described by Prowazek a product of the cell rather than of the virus, 
because it disappears completely in more mature inclusions whether the 
particles ultimately present are of initial or elementary nature. 

The results of this histochemical analysis together with the morphological 
picture obtained are entirely consistent with the idea that the inclusion body 
is a virus-containing structure, and they thus provide strong evidence against 
opposing views, such, for example, as that of Griiter (1938), who claimed 
that the inclusion body in this disease was merely an enlarged and altered 
Golgi net. 

Summary 

(1) Observations on the morphology ot the Halberstaedter-Prowazek 
inclusion bodies in trachoma are described. 

(2) Using histochemical methods in sequence, it is shown that both initial 
and elementary bodies contain desoxyribose nucleic acid, while the “ plastin ” 
substance of Prowazek is identified as ribose nucleic acid; glycogen is in- 
timately associated with the elementary bodies and may also be associated 
with initial bodies. 

(3) Poleff’s method is evaluated in terms of morphological, tinctorial, and 
histochemical criteria which are established for the true inclusion bodies; 
on this basis it is found to be quite unsuitable for identifying the Hatber- 
staedter-Prowazek inclusion body. 

(4) The need for care in identification of the characteristic inclusion bodies 
in trachoma is again emphasized; a mixture of chemical and tinctorial 
methods is profitably used to identify the inclusions, but this is still a some- 
what tedious. procedure. 
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TETRACYCLINE IN TRACHOMA* 


BY 
L. P. AGARWAL anp S. R. K. MALIK 


From the Department of Ophthalmology, Medical College, Agra, India 


In earlier reports (Agarwal and Gupta, 1954; Agarwal and Saxena, 1954), 
the sulphonamides and various antibiotics, including oxytetracyciine 
(terramycin) and chlortetracycline (aureomycin), have been evaluated in the 
treatment of trachoma. A new antibiotic, tetracycline (Achromycin, 
Lederle), has r ecently been made available. In its pharmacological action 
and toxicity it resembles the two mentioned above; its clinical indications 
have not yet been defined though it is effective against a wide range of 
organisms, especially the Gram-positive and Gram-negative cocci, the 
rickettsiae, and certain viruses. 
Material 

One hundred patients with trachoma in the infiltrative or follicular stage, in which 
inclusion bodies could be seen, were selected for this study. The inclusion bodies were 
demonstrated by the technique described by Agarwal and Saxena (1954). 


Fifty patients were used as controls, to whom no treatment was given except normal 


saline drops (Agarwal and Gupta, [954). 
Method 


Fifty patients were given tetracycline capsules 250 mg. 6-hourly for from 8 to 10 days 
with local application of ointment in concentration of one per cent. two or three times 
a day. 

The search for inclusion bodies was made in stained slides every 3 weeks. The treat- 


ment was continued for 6 weeks and a final examination and assessment was made at the 
end of this period, The presence and progression or retrogression of pannus was also 


recorded during the period of observation. The effect of the drug on secondary infection 
was noted, Such subjective symptoms as photophobia, redness, discharge, irritation, 


and gritty sensation were also taken into account, and the effect of the drug on them was 
noted, 


Results 
In computing the results the cases which could not be followed up have been 
taken as not cured. The results are summarized in the Table. 


TABLE 
RESULTS OF TREATMENT WITH TETRACYCLINE 
































\ 
Percentage Disappearance of 
Clearance of | Improve- ' Percentage 
Cases Secondary ment of Pannus | \nclusion Bodies (| Believed 
Treated Infection { Secondary | Cured 

\ Symptoms Ist 2nd 3rd 6th | 

] week week week week 

50 | 24 hrs | 48 to 72 hrs | 14 | 26 30 | 10 | 40 
*R ived for publicati Tune 20, 1955. 
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Untreated Cases.—Inclusion bodies were present in all three specimens of 
tissue scraping in all cases (Agarwal and Gupta, 1954; Agarwal and Saxena, 
1954), There was no improvement in subjective symptoms. We con- 
cluded that simple scraping does not lead to the disappearance of inclusion 
bodies without specific treatment. 


Treated Cases.—The secondary infection disappeared within 24 hours. 
The subjective symptoms took 2 or 3 days to disappear.. The pannus 
retrogressed in most cases in from 5 to 13 days, but it disappeared completely 
in only 40 per cent. of cases, and in these also inclusion bodies could not be 
demonstrated. In other cases, though pannus could not be demonstrated by 
examination with a lens and loupe, it could be detected by slit-lamp examina- 
tion. The inclusion bodies in these cases could sti}l be seen at the termination 
of treatment. 


Toxicity. No local toxic effects were seen after the use of the drug : in 


many cases gastro-intestinal reactions in the form of loose motions de- 
veloped but frank diarrhoea did not occur. 


Discussion 

So far three antibiotics of the tetracycline group have been made available 
for therapeutic purposes. Oxytetracycline and chlortetracycline have been 
used in this department in the treatment of trachoma with varying degrees 
of success (oxytetracycline 24 per cent.; chlortetracycline 40 per cent.). 

It has also been observed that the trachoma virus shows a variable response 
to various therapeutic agents. Some authors have found the tetracycline 
group quite effective (Mitsui and Tanaka, 1951), and others (Shah, 1951; 
Siniscal, 1952) were disappointed at the results. In our hands these drugs 
have not given a very encouraging response. 

After using pure tetracycline, Mitsui and others (1955) reported 78 per 
cent. cure and 13 per cent. improvement. Similar results were obtained by 
Tsutsui (1955), who even asserts that a 100 per cent. response can be obtained 
in acute cases of trachoma.. Our results however do not allow us to share 
this optimism. The response to tetracycline indicates that it is an effective 
agent against the trachoma virus in about 40 per cent. of cases as shown by 
disappearance of inclusion bodies from the smear. Like erythromycin it 
seems to be a quick acting drug, for in about 30 per cent. of our cases in- 
clusion bodies were absent from the smear in the 3rd week, and the secondary 
infection cleared in a very short time. The subjective symptoms also showed a 
uniform response and pannus retrogressed in all cases which seemed to be 
cured. The drug seems to be of special value in trachomatous keratitis, 
as the disappearance of corneal lesions only takes about 2 weeks. In a few 
cases, when cure was not obtained, the pannus retrogressed considerably 
but not completely. This suggests that the formation of pannus, though 
primarily a manifestation of trachoma, is accentuated by some secondary 








MmtrAdiwl 


rs. 


lus 
ely 


by 
la- 
on 


in 
le- 


a oe, Oe 








TETRACYCLINE IN TRACHOMA 761 


infection, and that the clearance of this secondary infection by tetracycline 
is responsible for its retrogression. The effect of the drug in these cases 
may have been rather slow, and the results might have been better if the 
treatment had been prolonged. Tetracycline does not compare favourably 
with sulphonamide, but may be worth trying in sulphonamide-resistant 
cases. 
Summary 

(1) The study of one hundred cases was controlled by the demonstration 
of inclusion bodies by conjunctival scraping at intervals of 3 weeks. 

(2) Tetracycline was found to be quick acting and effective in 40 per cent. 


of cases. 
(3) Oral therapy (32 to 40 capsules of 250 mg.) combined with local 


ointment of one per cent. is recommended. 


The authors wish to express their thanks to Messrs. Lederle, Laboratories Division, Pearl River, 
New York, for the supply of Achromycin (tetracycline). 
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APPLIANCES 
SIMPLE PUPILLOMETER* 


BY 


A. ARNAUD. REID 
Department of Psychological Medicine, St. Thomas’s Hospital, London 


Tuis simple instrument for measuring pupil.diameter, originally invented by 
Helmholtz, was used by Wenger (1948) in an attempt to assess autonomic 
balance in candidates for the U.S.A.A.F. It has been recently used fairly 
extensively by the writer to measure the action of drugs upon the pupil, 
and has been found to give highly accurate results. 


The instrument consists of an oblong dull black card about 7 x 3”, with pin- 
holes punched in it (Fig. 1). At one end the two holes are 8 mm. apart vertically, 
and the vertical space between each pair is gradually decreased in 0-5 mm. steps, 
until the last two are only 2 mm. apart. The pairs are 1 cm. apart from each 
other horizontally. 





< 
= 


Fic. 1.—Pupillometer, showing measurements between vertical pairs. 


The subject stands with his back to a wall (to prevent excess lighting of the back 
of the card) and looks through the holes at a distant object which is well lit (the 
exact amount of illumination is relatively unimportant, probably because of the very 
small area of the pinholes as compared with the pupil itself). The card is held close 
to one eye to prevent any attempt at accommodation, and the other eye is closed. 
The subject tries to look through two holes at once and moves the card to and fro 
till he finds the pair which give the correct appearance. If the holes are too far 
apart the subject sees them as in Fig. 2(a); if they are too near he sees them as in 
Fig. 2(5); if they appear as in Fig. 2(c) the distance between them is taken as a 
measure of the pupil diameter. 


— 
O 
(a) (b) (c) 


Fic. 2.—Holes as seen (a) wider, (b) narrower, (c) same size as pupil diameter. 





*Received for publication June,7, 1955. 
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The subject is asked to choose the appropriate pair of holes and their distance 
apart is noted. The card is then taken away and handed back the other way 
round, and he chooses again. This performance is repeated five or more times to 
give material for statistical analysis. It will be found that if the patient is of average 
intelligence his answers will seldom vary by more than + 0-5 mm., once he has 
learned the method. 

The writer, working with oral Dibenzyline (a sympathetic blocking drug), found 
that in six out of ten cases the miosis produced was highly significant (P< -001) and 
in two cases it was significant (P< -01). The two remaining subjects showed no 
significant change. One was of poor intelligence and was obviously guessing, 
as shown by his perseveration at some times, and his wide scatter at others. The 
other had abnormally small pupils which probably made further miosis difficult 
to produce. (The analysis of variance and the “ 7” test were both used and they 
agreed fairly closely.) 

It was noteworthy that, when the effects of Benzedrine (10 mg.) were measured 
in another series, no significant changes occurred in the majority of subjects, who 
had fairly large pupils. Two subjects with small pupils did, however, produce a 
significant degree of mydriasis. It is suggested, therefore, that it is easier to measure 
pupil changes directed towards their mean position than away from it, so that, as 
most subjects appear to have a pupil size of about 5 mm. the method appears 
more sensitive for tests of miotic activity. 

It is suggested that this simple instrument is of considerable value for research 
work upon the physiology and pharmacology of the autonomic nervous system. 
It might also be of some slight value in neurology and ophthalmology, and perhaps 
also in the study of morphinism. 


REFERENCE 
WENGER, M. A. (1948). Comp. Psychol. Monogr., 19, No. 4, serial 101. 


LARGE CONCAVE MIRROR FOR INDIRECT 
OPHTHALMOSCOPY* 


BY 


H. NEAME 
London 


THE mirror is concave, 9 cm. in diameter, of the type used by aural surgeons, 
but with a focal length of 50 cm. instead of the usual 30cm. It was recom- 
mended a few years ago for indirect ophthalmoscopy for fundus examination 
by an American ophthalmic surgeon who had found that it gave very good 
fundus illumination in many cases when the pupil was dilated with a mydriatic. 
When used with a Hamblin dark-room lamp, it seemed to illuminate as 
brilliantly as with Weve’s 500-watt lamp in an enclosed reflector as recom- 
mended for cases of detached retina. It was of no use with an active pupil. 





*Received for publication August 9, 1955. 
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CORRESPONDENCE 


PRESSURE IN THE CANAL OF SCHLEMM 


To the Editorial Committee of the British JOURNAL OF OPHTHALMOLOGY, 


Dear Sirs—In the April number Mr. E. S. Perkins published an interesting paper on 
the pressure in Schlemm’s canal (Perkins, 1955). He came to the conclusion that in 
normal man there exists practically no difference in pressure between the anterior chamber 
and the canal of Schlemm; this means that the resistance of the corneo-scleral trabeculae 
is insignificant compared with the resistance of the episcleral outlets. These con- 
clusions are based on: 

(1) studies of the pressure in cannulas introduced into Schlemm’s canal, in which 
experiments, however, he himself does not place much reliance; 
(2) experiments prompted by W.M. Grant of Boston, Mass. 


In this second set of experiments Perkins measured the outflow from the anterior 
chamber before and after exposing the canal of Schlemm by sectioning the cornea layer 
by layer in an enucleated human eye, in an enucleated monkey eye, and in a living monkey 
eye. It was confirmed by histological examination that in all these experiments the 
trabeculae were not injured. Perkins’s data were as follows: 





Rate of Flow (mm.*/min.) 





Pressure 


Schlemm’s Canal 





37-7 


4: 
Enucleated monkey ... 25 16-0 
13-5 51-66 


Living monkey 25 


| 
Eye | (cm. saline) | Initially | After opening 
| 


Enucleated human _... | 57-5 -59 | 15-5 





At first glance Perkins’s conclusions seem to be right, but if one considers these 
experiments more critically and mathematically the results are different. The aqueous 
humour of an enucleatéd eye flows out through the bisected episcleral and conjunctival 
veins in which the pressure must be zero. The pressure of outflow, which in the living 
eye is equal to the intra-ocular tension minus the episcleral venous pressure (9 to 10 mm.), 
will therefore be equal to the tension in the enucleated eye. The very similar results of 
fluorometry (Goldmann, 1949) and tonography (Grant, 1954) have shown that the volume 
per minute of outflow from the human eye with an average outflow pressure of 6 to 7 mm. 
Hg is of the order of 2 to 2-5 mm.*. In Perkins’s experiment on an enucleated human 
eye under a pressure of 42:6 mm. Hg, 4-6 mm‘. of fluid left the anterior chamber; this 
means that the resistance in the system of outlets of this normal eye is much higher than in 
the living eye. Why is this so? The corneo-scleral trabeculae seem to be very rigid 
(results of tonography), but the episcleral and conjunctival venous system collapses in the 
enucleated eye. We have therefore to investigate the difference of pressure which allows 
an escape of 2 to 3 mm.° after opening the canal of Schlemm. If the three experiments 
of Perkins are reliable this value is comparable to the decrease in pressure between the 
anterior chamber and the canal of Schlemm in the livingeye. But since, in these conditions 
with an intra-ocular tension of 42-6 mm. Hg, 15-5 mm. of fluid flow out per minute, 
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it follows that 2:3 mm.* will leave the anterior chamber under a pressure of 6-5 mm. Hg. 
As mentioned above, the pressure of outflow in the living human eye has been found to 
be 6 to 7 mm. Hg, which is exactly the same value as that found by Perkins. One must 
not overestimate this agreement on account of other differences between the living and 
the excised eye (e.g. temperature, fluid viscosity). 

For the same reason we can say that in the enucleated monkey eye the decrease in 
pressure between the anterior chamber and the canal of Schlemm must be more than 40 
per cent. of the total decrease. This value follows directly from the data of Perkins’s 
second experiment. 

In his third experiment on a living monkey eye the same calculation shows that 60-75 
per cent. of the total decrease in pressure is due to the resistance in the trabeculae 
provided we take 9 to 10 mm. Hg as the pressure of the episcleral venous system and 
2 to 4 mm.3/min. for the rate of flow (data from human and rabbit eyes). 














































A in Perkins’s second set of experiments therefore offers no proof for his conclusions that 
nber the resistance in the corneo-scleral trabeculae of man can be neglected. As far as I am 
ulae concerned I rather think that they prove the contrary. 
con- Yours faithfully, 
: H. GOLDMANN. 

hich FREIBURGSTRASSE, 8, 

BERNE, SWITZERLAND. 

August 16, 1955. 
sas] REFERENCES 
GoLpMANN, H. (1949). Trans. ophthal. Soc. U.K., 69, 455. 

cy Grant, W. M. (1954). Personal communication. 

the Perkins, E. S. (1955). British Journal of Ophthalmology, 39, 215. 

To the Editorial Committee of the BriTISsH JOURNAL OF OPHTHALMOLOGY, 

Strs—I was most interested to read Professor Goldmann’s letter and I am grateful for 
an opportunity of replying to it. 
Professor Goldmann’s figures are of course perfectly correct, providing his assumptions 

are also correct for the conditions of the experiments, but if I may quote from my paper: 
SE “In these experiments (i.e. the flow measurements) only a small opening has been made 
us into the canal so that it is not justifiable to make mathematical deductions from the 
al figures obtained ”’. 
ng In no part of my paper did I suggest that the resistance of the corneo-scleral trabeculae 
Ds, can be neglected—again quoting from the paper: ‘* The results do indicate that there is a 
of considerable resistance to flow between the canal of Schlemm and the venous system ”— 
r€ a conclusion which I am glad to find confirmed by Professor Goldmann’s own figures, 
n. ie. 25-40 per cent. in the living monkey eye, and 60 per cent. in the dead monkey eye. 
n With regard to the direct measurement of the pressure in the canal of Schlemm, I am 
iS confident that the experimental findings are correct and that they will be confirmed when 
; more is known about these pressure relationships. 
e Yours faithfully, 
‘ E. S. PERKINS. 
INSTITUTE OF OPHTHALMOLOGY, 
4 Jupp St., Lonpon, W.C.1. 





August 23, 1955. 








Brit. J. Ophthal. (1955) 39, 766. : 


BOOK REVIEWS 


Glaucoma. A Symposium. Edited by STEwART DUKE-ELDER for the Council for 
International Organizations of Medical Sciences, established under the Joint 
Auspices of UNESCO and WHO. 1955. Pp. 343, 17 plates, bibl. Blackwell 
Scientific Publications, London. (37s. 6d.). 


The Council for International Organizations of Medical Sciences made the occasion 
of the XVII International Congress of Ophthalmology. in September, 1954, an oppor- 
tunity to organize a symposium on Primary Glaucoma. This monograph is a record of 
its proceedings. It is not proposed to deal at length here with the many aspects covered 
therein as each paper will be fully abstracted in Ophthalmic Literature (December, 1955). 
The main sections are as follows: 


Introduction: The problem of glaucoma, by Sir Stewart Duke-Elder. 

Part I: Anatomy, physiology, and pathology of the vascular circulation in glaucoma, by 
Sir Stewart Duke-Elder and N. Ashton. 

Part II; The dynamics of the intra-ocular fluid, by M. Langham and V. E. Kinsey. 

Part III: The resistance of the outflow of the aqueous humour, by E. Barany, H. 
Goldmann, W. M. Grant, and Sir Stewart Duke-Elder. 

Part IV: Gonioscopy in primary. glaucoma, by J. Francois. 

Part V: Provocative tests, by W. Leydhecker, P. C. Kronfeld, and Sir Stewart Duke-Elder. 

Part VI; Clinical aspects, by R. Weekers and T. H. Hodgson. 


The general discussion which follows is all the more interesting because it is less pre- 
meditated than the individual papers. A.whiff from the debating chamber enlivens the 
pages and gives the reader an indication of the ideas crowding the minds of the contributors 
and vying for expression and development. The book is a delight to read and should 
enchant the dullest ophthalmologist. Let us hope it may inspire the gifted and the en- 
ergetic to tackle some of the many unsolved problems of glaucoma raised in this symposium. 


Corneal Grafts. Edited by B. W. Rycrort. 1955. Pp. 285, 155 figs, bibl. Butterworth, 
London. (57s. 6d.). 


This book consists of a series of sections written by the leading European and American 
authorities. After a short historical survey by the editor, the anatomy and physiology 
of the cornea are described by Davson and the histo-pathology by Offret, indications for 
corneal transplants and selection of cases are discussed by Franceschetti and Maeder, 
full-thickness grafts by Barraquer Moner, lamellar keratoplasty by Paufique, keratectomies 
and retransplants by Castroviejo, and special methods by Sourdille, and the general 
complications of corneal grafting are described by Tudor Thomas. The role of contact 
lenses in corneal grafting is explained by Ridley and special features of keratoplasty by 
Amsler, the preservation of the donor material by Billingham and Rycroft, the biological 
problem by Maumenee, and the legal aspect by Paton. Rycroft describes many of the 
instruments which are used and finally discusses the results which are obtained from the 
various types of keratoplasty. In addition to the bibliographies which the individual 
authors have appended to their own chapters, there is a comprehensive bibliography of 
some 28 pages at the end of the book. 

As might be anticipated from a knowledge of the calibre of the particular authors, 
this work constitutes an excellent and up-to-date exposition of keratoplasty. 
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Elementary Ophthalmology. (Précis de l’ophtalmologie élémentaire.) By A. DELORME 
and P. PesMe. 2nd edition, 1955. Pp. 452, 136 figs. Expansion Scientifique 
Francaise, Paris. (Fr. frs. 2,600; 55s.) 


This, the second edition of a text-book for students of ophthalmology, has new 
chapters on diseases of the lids, familial and congenital conditions, and the visual 
fields. 

The chapter on glaucoma has been brought up-to-date by the inclusion of recent 
research work. 

The book as a whole fulfils its purpose in providing a clear and concise account of 
elementary ophthalmology, but it would be improved by more illustrations. 


NOTES 


OPHTHALMOLOGICAL SOCIETY OF THE UNITED KINGDOM 
Annual Congress, 1956 


Tue Annual Congress of the Ophthalmological Society will be held at the Royal Society 
of Medicine, 1 Wimpole Street, W.1, on April 26, 27, and 28, 1956. 

The subject for discussion will be “‘ The early diagnosis of glaucoma ”’. Members who 
wish to take part are advised to intimate their intention before the opening of the Congress. 
It is emphasized that no member may speak for more than ten minutes. There will also 
be a short symposium on “ Herpetic infections of the outer eye”. Members wishing 
to read a paper or to give a pictorial demonstration are asked to send the title, together 
with an abstract, to Mr. C. A. Cook not later than November 30, 1955. Those wishing 
to show films should also communicate with Mr. Cook by the same date. 

The Annual Dinner will be held on Thursday, April 26. Members may bring guests. 
A Trade Exhibition will be held in the Cowdray Hall (next door to the Royal Society of 
Medicine). On account of the difficulty in obtaining hotel accommodation in London, 
all members who will require it are advised to make their arrangements in good time. 

Honorary Secretaries: DEREK AINSLIE (Council Business); C. A. CooK (Congress 
Business), 45, Lincoln’s Inn Fields, London, W.C.2. 


BRITISH ORTHOPTIC BOARD, 1956 
Tue following officers have been elected to the British Orthoptic Board: 


Chairman: J. H. Doggart 
Vice-Chairman: Mrs. Dorothy Campbell 
Treasurer: T. Keith Lyle 


These three officers, together with Mr. G. T. W. Cashell, Squadron Officer A. Gwilt, and 
Miss Sheila Mayou, constitute the Executive Sub-Committee. 


First INTERNATIONAL CONGRESS OF HUMAN GENETICS, 1956 


Tue First International Congress of Human Genetics will be held in Copenhagen from 
August 1-6, 1956. Inquiries should be addressed to: 
The First International Congress of Human Genetics, 14 Tagensvej, 
Copenhagen, Denmark. 
A discussion on ‘“‘ Genetics in Ophthalmology ” is to be included in the programme. 
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OBITUARY 


JONAS STEIN FRIEDENWALD 
(1897-1955) 


A GREAT tragedy has befallen ophthalmology, a tragedy particularly great for the ophthal- 
mological community of the U.S.A., but equally great for the ophthalmological family of 
the world. Jonas S. Friedenwald died on November 5, 1955, in hospital at Baltimore, 
Maryland, after a long illness, at the age of 58. 

The name of Friedenwald has long been associated with ophthalmic progress. Harry 
Friedenwald had created for himself an authoritative position in medical ophthalmology; 
in 1930 he gave the Doyne Memorial Lecture on Pathological Changes in the Retinal Blood 
Vessels in Arteriosclerosis and Hypertension. His son, Jonas, attained greater fame in 
many branches of ophthalmology, excelling both as a clinician and as a pathologist, but 
much more so in the basic sciences of physiology and biochemistry on which our specialty 
is founded. In these fields he was unique in the United States and had for many years 
occupied an unchallenged position in that country as the greatest authority on the 
scientific aspects of ophthalmology, particularly the mechanism of the formation and the 
dynamics of the intra-ocular fluid. In his wide scientific interests, his experimental 
ability, and his mature judgement, he had few equals in any country in the world. 

Friedenwald entered Johns Hopkins University, where he took his B.A. degree in 1916, 
and graduated in medicine in 1920. Thereafter he went to Harvard University where he 
graduated M.A. in 1922. He returned to Johns Hopkins Hospital, and in 1923 at a 
surprisingly young age became instructor in ophthalmic pathology in its medical school. 
When the Wilmer Institute of Ophthalmology was opened in 1926 he was one of the first of 
its staff. In 1931 he was made Associate Professor of Ophthalmology at Johns Hopkins 
Medical School where he laboured unceasingly and enthusiastically in both the wards 
and the laboratories until his death. 

During his working life he wrote tirelessly and was the author of more than 140 
scientific papers as well as his “ Pathology of the Eye”. Many honours came his way. 
In the United States, he won the Research Medal of the American Medical Association 
(1935), the first Proctor Medal (1949), and the Howe Medal of the American Ophthal- 
mological Society (1951). In 1952 he was presented with the Donders Medal in Holland, 


and in the coming year he was to have been given the Doyne Medal at the 1956 meeting 
of the Oxford Ophthalmological Congress. 


Although he lived for ophthalmology in its widest aspects, Friedenwald had many 
other interests. A lover of literature, painting, and music, he was the worthy custodian 
of the magnificent collection of rare medical books and manuscripts which he inherited 
from his father. Equally aware of the world of affairs, he took an intense interest in 
education and all aspects of social progress and in his later years he spent much care in 
the academic development of Israel. 

An able and interesting lecturer, a kindly and shrewd critic in professional meetings, 2 
delightful companion full of enthusiasm for everything that was happening in the world, 
particularly in the ophthalmological world, a good talker, full of quiet and unassuming 
humour, Friedenwald was a colleague whom to know well was a joy. : His many friends 
in Great Britain will particularly regret that he will not be with them in Oxford in 1956. 
Because of his death American ophthalmology—and world ophthalmology—is much the 
poorer, and many of us have lost one who, while he walked with us, was not only a 
stimulus but also a friend. 
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——,, recurrence rates ... bie ... 734 
——,sarcoid ... ae 416, 727 
——.,, seasonal incidence sea ... 734 
——, sex incidence ... %) ... 730 
——, sinus disease and aes pets & © 
——., skin lesions and ... es Lagh 7 eee 
——, toxoplasmosis and wis ... 550 
——, treatment of ae vee ... 738 
——., tuberculosis and ... ses ... 548 
Varicella, uveitis and ... see PR 7 
Varix, orbital ... .. 289 


Vascularization, corneal: See Cornea 
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Vasodilator, “‘ Diamox ” as }... w. 659 

Vein, central retinal... Po ... 230 
—, —— ——,, thrombosis in ai 

matosis co 234 

Veins, aqueous, during amyl nitrite test 685 

——, ——, in vernal conjunctivitis ... 161 
——, congestion of, in retina, in lupus 

erythematosus res rey ear | 

—— return, in optic nerve... ... 230 

Venereal disease, uveitis and ... ... 547 

Venous plexus, episcleral, pressure in... 215 


Ventricle, fourth, ocular manifestations 
following haemorrhage into... 251 
Vernal catarrh: See Conjunctivitis, 


vernal 
Vertical muscle defects, horizontal 
strabismus and a, 11, 129 


See also Urist’s syndrome 
Vessels, blood, of optic pathway ... 220 
, conjunctival, amyl nitrite test and 686 
——., episcleral, amyl nitrite test and 686 
——, retinal, development of 449, 457, 626 














——, ——,, retrolental fibroplasia and 
409, 410 
Virus infection, uveitis and... ie PRE 
Viscosity, hyaluronidase and ... wee 747 
Vision, binocular, peripheral fusion 
and ne ne bce 474, 478 
479 
. ” persistence of, x-ray phosphene 
and... 
Visual acuity, accommodation and ... 345 
——,, arsenic and 423, 424 
i 345 
—— after cataract extraction ... 354 
——, colour and . 515 


ay surround on 514, 520, 521 
——, factors affecting ... 513 
——., luminance and 513, 514, 520, 521 
_—— ‘in macular dystrophy 385, 392 
——, measurement of seer Ee 
——, —— ——,, apparatus 

517, 531, 533 


ye 


b > 


ults 
523, 524, 527, 529 
——, —— ——,, technique ... 518 


——, normal variation ... 522, 523 
—— in onchocerciasis 322, 325, 328 


—— in sarcoidosis aes 416, 419 
— — in strabismus, binocular vis- 
ion and ane ce Ki 
—— axis, rotation about 3 nia ee 
—— defects in children, statistical ... 688 
—— field, arsenic and 422, 424 
—— ——, myelomatosis and ... su Bae 
—— ——,, optic nerve anomaly and... 632 
—— —— in retinitis pigmentosa ... 315 
—— ——,, recurrent choroidal detach- 
ment and eke dae 
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Visual purple, radium and _... hens 4 
—— ——, x rays and ... Ke .. 586 
—— sensation, x rays and radium 
causing: See Phosphene 
Vitamin B, deficiency, in onchocerciasis 331 
See also Cocarboxylase 
Vitreous haemorrhage in premature in- 
Tent "+4. om ake .. 563 
—— humour, myelomain .... ... 234 
—— ——.,, replacement with diodone... 284 
—— ——,, vasoproliferation in 
449, 454, 459, 461 
—— loss, ‘‘ Diamox ”’ and 623, 624 
—— ——.,, post-operative 359, 623 
—— protein, bovine, analysis of .. 163 
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Vogt-Koyanagi syndrome ay. ... 120 
Von Graefe knife v. keratome ... ea OS 


Wassermann reaction in uveitis .. 547 
Wound, intra-ocular, with air-gun pellet 50 


X-ray action on visual system ... 577, 589 


— — phosphene ses pis Bie YE f 
See also Phosphene 


Zonule, spontaneous dislocation of lens 
and Sas aad deh 








